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PREFACE 
This is an interim report for a study of mussel recovery and species dynamics at four California 
rocky intertidal sites. Conducted by Kinnetic Laboratories, Inc. (KLI), and funded by the 
Minerals Management Service (MMS), the initial experimental field study began in spring 1985 
and continued through spring 1991. The initial field study included six sites along the central 
and northern California coast. In 1992, MMS decided to continue the work started by KLI 
through an in-house study and establishment of the MMS Intertidal (MINT) team. Four of the 
original six sites have been continued by MMS. The study methods of the original study have 
been retained by the MINT team, and close coordination with the original KLI team continues. 
In 1994, the MMS Environmental Studies Program officially awarded a contract to the MINT 
team for this in-house study. This interim report presents the results from the fa111992 sampling, 
the first year of sampling by the MINT team. The report presents a limited statistical analysis 
and visual comparison of the 1992 data. The next interim report will include data collected 
during fall 1994 and will present a broader statistical analysis of both the 1992 and 1994 data 
sets. 
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EXECUTTVES~RY 
This report presents the interim results of a long-term study of rocky intertidal communities in 
California. From 1985 to 1991, the initial phase of this study was conducted by Kinnetic 
Laboratories, Inc. (KLI), in association with the Moss Landing Marine Laboratories, the 
University of California, Santa Cruz, and TENERA Corporation under contract from the 
Minerals Management Service (MMS). Since 1992, biologists from the Pacific OCS Region of 
the MMS and one of the KLI investigators have continued the study at four of the original six 
sites. 
MMS's primary goals in continuing this study were to answer the following questions: 
• How long does a mussel assemblage take to recover from a major disturbance (complete 
clearing)? 
• What significant changes occur over time in undisturbed mussel and algal assemblages? 
To answer these questions, two assemblages were studied: a mussel assemblage (Mytilus 
califomianus) and a red algal assemblage (Endocladia muricata/Mastocarpus papillatus). Since 
the more abundant organisms in these assemblages are persistent and some are slow-growing, 
these assemblages could incur long-term impacts following a disturbance such as an oil spill. To 
estimate how long it takes for a mussel assemblage to recover from a major disturbance, all 
living material growing in designated plots on the rocky intertidal shoreline was removed in 
spring 1985 or fall 1985. Recovery of the cleared plots was determined by comparing them to 
undisturbed plots within the same assemblages. Additionally, control plots were studied in each 
assemblage to study changes in undisturbed mussel and algal assemblages. 
Although the complete clearance of biota from the rocky substrate does not exactly mimic the 
effects of an oil spill, it does allow us to determine approximately how long recovery from an oil 
spill would take at the four sites, particularly if complete removal were to result from a cleanup 
operation (e.g., steam cleaning). By using complete clearance, we have eliminated many 
variables that would occur if experimental oiling was attempted. However, there are some 
drawbacks to this approach. Oil spills generally do not result in the complete removal of biota, 
particularly of macrophytes. It is possible that partial remains of macrophytes may regrow or 
affect the colonization of other species. Also, oil spills may cover much larger areas than those 
chosen for analysis in this study. This too could affect both successional patterns and recovery. 
Thus, recovery following an oil spill could actually take a shorter or longer period of time than 
recovery from the total clearance approach used in this study. 
Results from fall 1992 showed that, after 7Y• years, none of the mussel assemblage plots that 
were cleared by KLI had recovered completely. However, recovery is continuing at a very slow 
rate. In fall 1992, the cleared plots were more similar to the control plots than they were during 
the last survey by KLI, and mussel abundance was greater. Although it is not possible at this 
xvii 
time to determine how long recovery will actually take, current trends indicate that complete 
recovery of the spring- and fall-cleared mussel plots at all of the sites will probably take several 
more years. The MMS plans to continue to monitor these plots every 2 years until recovery 
occurs. 
The study of undisturbed mussel and algal assemblages indicates that, although these 
assemblages persist and are usually stable over time, changes can occur due to natural or human 
disturbances. For example, mussel abundance in the control plots increased at one site and 
decreased at another site. Additionally, there has been a general downward trend in algal 
abundance at three of the four sites and the algal assemblage at one site was considerably poorer 
in species richness and algal abundance compared to the other sites. These trends will be closely 
monitored every 2 years to determine whether they continue. 
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I. INTRODUCTION 
Because of its concern for the susceptibility of the California coast to impacts from an offshore 
oil spill, the MMS in the late 1970's developed a two-stage plan to study rocky intertidal 
communities along the coast. The first phase involved the characterization of coastal habitats 
and evaluation of their sensitivity to oil spills. The second phase of the study was titled 
"Successional and Seasonal Variation of the Central and Northern California Rocky Intertidal 
Communities." 
The latter study was designed to: 1) describe seasonal and long-term variation in rocky intertidal 
community structure; 2) determine the responses of these communities to natural and 
anthropogenic disturbances and correlate these responses with seasonal, successional, and 
latitudinal variation; 3) correlate life history information and oil toxicity data with field data 
obtained from the study; 4) compare the results of this study with other relevant studies; and 5) 
provide background data for designing future oiling experiments or monitoring programs. 
To conduct the study, the MMS contracted with Kinnetic Laboratories, Inc. (KLI), of Santa Cruz, 
California. In nndertaking the study, KLI formulated several hypotheses and questions that could 
be addressed with statistically rigorous sampling and replicable experiments: 
1) Do species composition and abundance vary with season and latitude (between Oregon 
and Point Conception)? 
2) How long does a disturbed (completely cleared) area take to recover? How are the time 
and pattern of recovery affected by type of assemblage disturbed, site, latitude, and time 
of year in which disturbance took place? 
Although the complete clearance of biota from the rocky substrate does not exactly mimic the 
effects of an oil spill, it does allow us to determine approximately how long recovery from an oil 
spill would take at the four sites, particularly_ if complete removal were to result from a cleanup-
operation (e.g., steam cleaning). By using complete clearance, we have eliminated many 
variables that would occur if experimental oiling was attempted. However, there are some 
drawbacks to this approach. Oil spills generally do not result in the complete removal of biota, 
particularly of macrophytes. It is possible that partial remains of macrophytes may regrow or 
affect the colonization of other species. Also, oil spills may cover much larger areas than those 
chosen for analysis in this study. This too could affect both successional patterns and recovery. 
Thus, recovery following an oil spill could actually take a shorter or longer period of time than 
recovery from the total clearance approach used in this study. 
The project began in late 1983. The tasks included a literature review, development of an initial 
field survey plan, a preliminary field survey, and a methods comparison study. The initial field 
survey plan presented the experimental design for a long-term field study to address the questions 
1 
presented above. Field sampling was conducted biannually (spring and fall) from spring 1985 
through spring 1991, except in 1990. 
Six sites along the central and northern California coast were surveyed during the field study 
(Kinnetic Laboratories, Inc., 1986). At each site, two assemblages were surveyed: a high 
intertidal, macrophyte-dorninated assemblage (Endocladia/Mastocarpus); and a mid-intertidal, 
macroinvertebrate-dominated assemblage (Mytilus). Experimental plots were cleared in each 
assemblage in spring 1985 and fall1985. Since an experimental application of oil was 
impracticable, experimental plots were cleared mechanically by scraping and heating the 
substratum until no visible organic matter remained. This method was reproducible and resulted 
in a consistent, comparable degree of clearing at all sites. 
The MMS-funded central and northern California intertidal recovery study conducted by KLI 
ended in the spring of 1991 after 6 years of field effort. The results were presented in a final 
report for the study (Kinnetic Laboratories, Inc., 1992). A summary of their fmdings is presented 
below. 
Recovery rates for cleared plots in the Endocladia!Mastocarpus assemblage varied from 
complete recovery in 1 year for all spring-cleared plots at one site to incomplete recovery of all 
fall-cleared plots at another site at the end of 6 years. Recovery rates were significantly different 
among sites and seasons of clearing, but there was no statistically significant relationship 
between recovery and latitude. 
Recovery rates for cleared plots in the Mytilus assemblage were very low, with a very low 
abundance ( <20 percent cover) of mussels overall and no plot completely recovered after 6 years. 
Because the literature indicates that recovery may require 10 years or more (Chan and Molina, 
1969; Cirnberg, 1975; Vesco and Gillard, 1980; Paine and Levin, 1981; Kinnetic Laboratories, 
Inc., 1992), the mussel populations might have been expected to have reached the halfway point 
in 6 years if recovery were a linear response with time. The marked lack of observed recovery 
raised questions of when, orif, the cleared mussel plots would return to their original, 
undisturbed state, or to states comparable to adjacent control plots. Alternatively, the plots could 
stabilize as another community type. The mussel recruitment occurring at all stations (Kinnetic 
Laboratories, Inc., 1992) suggests they eventually will become similar to the surrounding mussel 
assemblages, but recovery is estimated to be years away at most sites. 
Although the study was well designed and answered many important questions, key questions 
remain unanswered. In particular, the questions of whether the as yet unrecovered mussel sites 
would return to mussel assemblages and, if this occurred, how long the recovery would take were 
unknown. Related questions regarding recovery patterns and sequences also need to be 
addressed. Information collected from the continuation of the long-term study will further our 
understanding of the subtle differences between habitats, population dynamics, and general 
recovery processes of this important mussel assemblage over a broad geographic area. 
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In their review of the Outer Contine11tal Shelf (OCS) Environmental Studies Program, the 
National Research Council (1'-/RClhighlighted the need for studies to determine recovery rates of 
faunal assemblages anfltheneed to focus on long-term studies of populations and processes. The 
NRC report stated that "recovery rates of faunal elements subsequent to damage tend to be 
overestimat~ many cases, the studies required for meaningful estimates of recovery rates 
. have not-been done" (NRC, 1989). Further, the NRC reported that "[i]nformation collected over 
several· years should be used in decision-making to provide insights on trends and variations in 
populations and processes." This study addresses both of these program needs. 
Although many questions will be addressed in the current study, by continuing the work begun 
by KLI, our primary goals remain similar to those of the original KLI study, namely to answer 
the following questions: I, 
• \ 
1) How long does a mussel assemblage take to recover from a major disturbance (complete 
clearing)? and 
2) What significant changes occur over time in undisturbed Mytilus and 
Endocladia/Mastocarpus assemblages? 
This Interim Report, which presents a limited statistical analysis and visual comparison of the 
data collected during fall 1992, addresses only the first question. A quantitative treatment of the 
second question will require a more rigorous statistical treatment of the data. The next Interim 
Report will include data collected during fall 1994 and will present a broader statistical analysis 
of both the 1992 and 1994 data sets. 
3 
II. METHODS 
A. Survey Sites 
Rocky shores exhibit high levels of community diversity and complexity, and variation among 
locations on the central and northern California coast can be great (Dayton, 1971; Suchanek, 
1979; Kanter, 1980; Paine and Levin, 1981). The original KLI study design required that 
multiple sites with similar biological characteristics be selected over a wide geographic range, 
which made it necessary to evaluate the attributes of a large number of sites. 
Kinnetic Laboratories, Inc. (1992), made a preliminary survey of 20 sites along the California 
coast between Point Conception and the Oregon border to locate sites with consistently occurring 
assemblages of intertidal macroorganisms. From these 20, 6 sites were chosen for the studies of 
seasonal variation and succession. The selection criteria included an even distribution of sites 
along the coast, sufficient area within the assemblages at a given site to set up experimental and 
control plots, and sufficient geographic range among the sites to provide a latitudinal gradient 
without substantial loss of biological comparability. 
Biological assemblages were chosen based on latitudinal distribution, occurrence at all sites, 
intertidal heights, high-percent cover at preliminary survey sites, persistence and slow growth of 
dominant species, and the extent of available literature databases regarding pertinent 
assemblages. Two biological assemblages were selected. The first was a typically high-intertidal 
assemblage dominated by the tufted red alga Endocladia muricata and the fleshy red alga 
Mastocarpus papillatus, which occurred in the upper intertidal areas at all sites (see Glynn, 
1965). The second was the assemblage dominated by the mussel Mytilus califomianus, which 
formed beds in more seaward areas of all sites (Dayton, 1971; Suchanek, 1979; Kanter, 1980; 
Paine and Levin, 1981). 
The six study sites were distributed along the California coast from Mendocino County south to 
San Luis Obispo County, over a distance of approximately 400 miles (Kinnetic Laboratories, 
Inc., 1992). From north to south, the sites were: Kibesillah Hill in Mendocino County, Sea 
Ranch in Sonoma County, Bolinas Point in Marin County, Pescadero Rocks in Monterey County, 
Point Sierra Nevada in San Luis Obispo County, and Diablo Canyon in San Luis Obispo County. 
In spite of attempts to select sites that were similar, there was much variability among sites in 
both assemblages. Among the factors that varied among sites were the degree of solar insolation 
and amount of coastal upwelling, estimates of which were both greater at the southern sites; 
small- and large-scale topography and substratum composition; and the relative abundance of 
some of the dominant macroorganisrns. Some species showed geographic differences in 
distribution, size, or abundance among sites. The six sites are described in detail in the study 
final report (Kinnetic Laboratories, Inc., 1992). 
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For the current study, we decided that, given available personnel within the MMS's Pacific OCS 
Region, only four of the six sites surveyed from 1985 to 1991 during the KLI study could be 
monitored effectively. The sites selected include those at Kibesillah Hill, Sea Ranch, Pescadero 
Rn~ks.. ~nrl Pnint .C::.iP:rr~ NP_u~ti~ {l::t-imlrP. 1\ 'T'hJ:~to t:!;t.,.,c;o ,-u.:. ... .:. c ... ,,l ..... .nt.o..-:1 +.-.._ ............. .; ..... J... .......... ..-1 .... .,. ..... ..,.._ .. _\..~ ..... __ 
----· -- - ---- ---------·- -· ----.... - -c-- -,. --- ··- ...... ~ ...................... -.. - .......... ..._. ........ ...., ..................... ..., ............ U' 5""'-'6 ... "P",~.·""" 
coverage and varying degrees of observed community recovery. 
The following paragraphs briefly describe each of the study sites (Kinnetic Laboratories, Inc., 
1992). Average elevations for plots are given as meters above mean lower low water (MLLW) 
(Tables 1 and 2): 
Kibesmah Hill. The Kibesillah Hill site is located approximately 10 miles north of Fort Bragg in 
Mendocino County (Figure 1). The study plots are situated on sloping benches composed of hard 
siltstone and cut by deep channels. Average elevation of the Mytilus assemblage plots is + 1.9 m; 
that of the Endocladia/Mastocarpus assemblage plots is + 1. 7 m. Topographic relief is moderate 
to high, with a slightly elevated, flat area to seaward where the mussel plots are located. Wave 
impacts at this, the most northerly site, can be quite severe. 
Sea Ranch. The Sea Ranch site is located approximately 20 miles south of Point Arena on the 
Sonoma County coast (Figure 1). The plots are situated on a bard sandstone bench composed of 
tilted sedimentary strata. Average elevation of the My til us assemblage plots is + 2.1 m; that of 
. the Endocladia/Mastocarpus assemblage plots is + 1.3 m. The strata slope slightly toward shore, 
forming ridges with steep seaward faces and giving the area the highest topographic relief of any 
site. These steep seaward faces and offshore rocks moderate the effects of incoming waves on 
the study site. 
Pescadero Rocks. The Pescadero Rocks study site is located on a small offshore island within 
Stillwater Cove, Carmel Bay, in Monterey County (Figure 1). The study plots are located on the 
western shore of a gently sloping bench that is composed of a hard conglomerate and sandstone. 
Average elevation of the Mytilus assemblage plots is + 1.4 m; that of the 
Endocladia/Mastocarpus assemblage plots is +1.9 m. Wave impact on the site is highly variable 
since it depends on the direction and intensity of the waves. During our first visit to the site in 
Fall 1992, the wave action hitting the island was so strong that the Mytilus plots were not 
uncovered. At other times, the water is very still, as implied by the name of the cove. 
Point Sierra Nevada. The Point Sierra Nevada site is located approximately 5 miles north of the 
Point Piedras Blancas lighthouse in San Luis Obispo County (Figure 1 ). The study plots are 
situated on a relatively flat bench composed of bard conglomerate sandstone. Average elevation 
of the Mytilus assemblage plots is + 1.4 m; that of the Endocladia/Mastocarpus assemblage plots 
is + 1.9 m. Vertical relief is low compared to the other sites. Although the point is exposed to 
westerly swells, the effects of waves on the plots are moderated by offshore rocks and a shallow-
sloped nearshore bottom. 
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Figure I. Location of the four study sites. 
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Table 1. Summary of site characteristics for the Mytilus assemblage. 
Site Tidal Height1.2 Substratum1 
(m) 
Hard siltstone and 
Kibesillah +1.9 carbonates; gently sloping 
Hill platform extending seaward 
Hard sandstone; broad, flat 
Sea Ranch +2.1 ridges with steep seaward 
faces 
Hard conglomerate and 
Pescadero +1.4 sandstone; gently sloping 
Rocks bench with abrupt seaward 
edge 
Hard conglomerate and 
Point Sierra +1.4 - . sandstone; moderately - I 
Nevada sloping bench with irregular 
topography, abrupt edge 
1 Information is from Kinnetic Laboratories, Inc. (1992). 
2 Mean of center of plots above MLLW (n=IO). 
7 
Table 2. Summary of site characteristics for the Endocladia/Mastocarpus assemblage. 
Site Tidal Height1.2 Substratum1 
(m) 
Siltstone and 
Kibesillah +1.7 carbonate-hard; 
Hill gently sloping platform 
Lithic sandstone-hard; 
Sea Ranch +1.3 broad, flat ridges 
with higher offshore 
rocks 
Conglomerate and 
Pescadero +1.9 sandstone-hard; steeply 
Rocks sloping rock wall 
Conglomerate and 
__ Point Sierra _ +1.9 -sandstone-hard; broken 
Nevada platform with low offshore 
rocks 
1 Information is from Kinnetic Laboratories, Inc. (1992). 
2 Mean of center of plots above MLLW (n=IO). 
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As recommended by Kinnetic Laboratories, Inc., (1992), we decided to focus the current study on 
the continued recovery of the Mytilus assemblage. We also decided that, given the relatively 
high degree of recovery of the Endocladia!Mastocarpus assemblage at the four sites selected for 
this study and the limitations on available personnel, we would only monitor the control plots in 
those assemblages. Thus, at each site both control and cleared plots were sampled in the Mytilus 
assemblage, whereas only control plots were sampled in the Endocladia!Mastocarpus 
assemblage. 
B. Field Methods and Analyses 
·Field Methods 
The methods used for selecting both control and study plots and for clearing study plots were 
described in the KLI study final report (Kinnetic Laboratories, Inc., 1992). In the current study, 
each of the four sites will be sampled biennially during the fall. To date, the sites have been 
sampled twice since MMS personnel began monitoring: in October-November 1992, and in 
November-December 1994. The results of the 1992 survey are discussed in this report. 
Five to six MMS biologists participated in each sampling period. In addition, one of the original 
KLI investigators, Eric Nigg, remained involved with this study, functioning as a research team 
member and providing guidance to ensure consistency in research methods. 
At each site, 12 plots were sampled during each visit. In the Mytilus assemblage, three spring-
cleared plots, three fall-cleared plots, and three of the four possible control plots were sampled. 
In the Endocladia!Mastocarpus assemblage, three of the four control plots were sampled. Four 
control plots were established at each site to provide backup in the event that one was drastically 
disturbed during the study. All have been sampled on a rotating basis, but only three during any 
one sampling period. 
Each plot was a 1 x 2-m rectangle, which was delineated by a frame made of white PVC tubing 
(shown in the cover photographs) . As discussed in the KLI final report (Kinnetic Laboratories, 
Inc., 1992), to minimize edge effects in the cleared plots due primarily to grazers, only the center 
0.5 x 1.5-m area of each plot was sampled, leaving a 0.25-m border. This was also done in the 
control plots for consistency. The central area was further divided into 12 quadrats of 0.25 x 
0.25 m (0.0625 m2) each. Three of these quadrats were chosen at random in each plot for each 
sampling period and sampled for percent cover of all macroorganisms and the density of motile 
macroinvertebrates. This provided a total sample area of0.1875 m2 in each plot, distributed 
randomly through time. 
The macroorganisms observed included both macrophytes (multicellular algae large enough to be 
visible to the unaided eye) and sessile and motile macroinvertebrates (invertebrates large enough 
to be visible to the unaided eye). 
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All plots were photographed during each sampling period using slide film in a handheld 35-mm 
camera with a flash attachment. Three photographs were taken of each plot: one of each of the 
two 1 x 1-m plot halves, and one end-on view of the whole plot. The slides were labeled with 
date, site, and appropriate plot identification numbers and archived to provide a permanent, 
visual record of the plots over time. 
Ma:croorganism abundance in the plots was measured in two ways, as percent cover and density. 
Percent cover, or the proportion of a plot occupied by a given organism, was determined for all 
macroorganisms, including both sessile and motile macroinvertebrates. Percent cover is a 
measure of space, which is a critical limiting factor in intertidal communities, especially for 
macrophytes and sessile macroinvertebrates such as mussels and barnacles. Density, or number 
per unit of area, was determined only for motile macroinvertebrates, which exert influence on 
intertidal communities through grazing and predation pressure. 
Cover in each quadrat was determined using a point quadrat methodology, which is described in 
detail in Foster et al. (1991) and depicted in the cover photographs. The point quadrat consisted 
of a clear plastic plate with a grid of 64 equally spaced holes mounted on adjustable legs above 
the substratum. Twenty of the possible 64 points were chosen at random for each sampling 
period. Sampling was done by lowering a sharpened pin through the appropriate holes and 
recording the macroorganisms and/or substrata contacted. Multiple contacts under a single point 
were sampled by moving aside successive layers of macroorganisms (multiple contacts of the 
same taxa were recorded as a single hit). 
Three levels of substratum were identified: primary, secondary, and tertiary. Primary 
substratum included bare rock, rock (rock covered by a macroorganism, but also contacted by the 
pin, such as rock with an overstory of the rockweed Pelvetia), shell debris, and sand. All of the 
bare rock and most of the rock remained available for the settlement and growth of 
macroorganisms. Secondary substratum consisted of the biota that were attached directly to the 
primary substratum (e.g., mussels). Tertiary substratum included the biota attached to the 
secondary substratum (e.g., barnacles or macrophytes attached to mussels). Typically, most of 
the available substratum in undisturbed mussel beds was secondary or tertiary substratum. 
Once the cover within the quadrat was determined by this method, all motile macroinvertebrates 
larger than 0.5 centimeters in length were counted in the quadrat. Most of these were algae-
grazing molluscs such as limpets, snails, and chitons, but sea stars and sea urchins were also 
encountered. Qualitative notations were also made of other small macroinvertebrates such as 
crabs, worms, and isopod crustaceans. Because of the difficulty of sampling macroinvertebrates 
within the mussel beds without disturbing the plots, the abundances of these organisms were 
undoubtedly underestimated for the Mytilus plots. 
In addition, motile macroinvertebrates measuring less than 0.5 em in length were subsampled in 
the field by counting the number in a 10 x 1 0-cm quadrat placed in the center of the larger 
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quadrat (shown in the upper left cover photograph). Numbers of the smaller organisms were 
then adjusted to the full 25 x 25-cm (0.0625-m2) quadrat density by multiplying by 6.25. 
All macroorganisms observed were identified to the lowest taxon feasible. Representative 
samples of species that could not be identified in the field (voucher specimens) were collected 
and preserved for later identification. Macrophytes were identified according to Abbott and 
Hollenberg (1976) and Scagel et al. (1989), and macroinvertebrates according to Smith and 
Carlton (1975) and Lindberg (1986). Recent publications were used to obtain more current 
taxonomic nomenclature (Abbott and Norris, 1985; Kozloff, 1987; Scagel et al., 1989; Silva, 
1990; Richards, 1992; Hommersand et al., 1993). Some macroorganisms (e.g., small algal 
blades, small limpets) could not be identified to species. The term "sp(p)." in the tables and 
figures denotes macroorganisms of one or more unidentified species. Since standard common 
names do not exist for many intertidal macrophytes and macroinvertebrates, general 
morphological terms were used to describe the taxa in this report. 
Some macroorganisms were combined into larger groups for certain analyses. Total grazer 
density was calculated and discussed as a group. "Grazers" comprised all the herbivorous 
macroinvertebrates observed in the plots, mostly gastropod molluscs (limpets and snails), 
chitons, and an occasional sea urchin. Grazers are known to affect the abundance and 
distribution of the macrophytes that serve as their food, affect other macroinvertebrates, and, as a 
consequence, play a role in determining succession and community structure within the intertidal 
habitat (Ricketts et al., 1985). 
Not all snails are grazers. Several predatory, or carnivorous snail taxa (including the genera 
Nucella, Acanthina, Ocenebra, Mitrella, and Epitonium) were also observed in the plots. These 
snails may prey upon macroinvertebrates such as barnacles, mussels, limpets, anemones, and 
other snails. 
Several taxonomic combinations that were used during the original study by KLI also were 
adopted for this report. Two rockweed genera, Pelvetia and Pelvetiopsis, were lumped into 
Pelvetia-Pelvetiopsis sp(p ). due to the difficulty of distinguishing juveniles of the former from 
adults of the latter. Petrocelis sp(p). refers both to recognized species of the crustose red alga 
Petrocelis and to those that are alternative life stages of the genus Mastocarpus. The term 
GATGOR is an acronym for "green algae that grows on rocks," a thin, green slime that may 
. include a variety of juvenile macrophytes, blue-green algae, and diatoms, but which could not be 
reliably identified to species in the field. 
Among the macroinvertebrates, taxa that could not be reliably identified to species level in the 
field were the barnacles Chthamalus fissus/dalli, which were reported as Chthamalus sp(p )., the 
littorine snails Littorina scutulatalplena, and most small ( <0.5 em) Lottia sp(p ). limpets. 
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Two additional taxonomic changes were made during the current study: 
I) 
2) 
The various species of membranous green algae in the genus Ulva were combined as 
Ulva sp(p)., because the individual species are only identifiable through laboratory 
analysis, and it has proven impracticable to voucher specimens from every plot sampled. 
The fleshy red alga Iridaeaflaccida was combined with Iridaea cordata, then lumped 
into Iridaea splendens based on a recent taxonomic reclassification (Scagel et al., 1989). 
A number of other taxonomic reclassifications of macroinvertebrate and macrophyte species 
have been made recently based on type specimens. Those changes are listed in Table 3 and will 
be reflected in future reports for this study. However, the changes were not incorporated into this 
report in order to facilitate comparison of the 1992 data with that collected during the initial 
study (Kinnetic Laboratories, Inc., 1992). 
Since within-plot variation was not of interest, the mean of the percent cover data from the three 
quadrats at any one sampling period and the sum of the motile macroinvertebrates counted 
(including macroinvertebrates counted in the 10 x 10-cm quadrats by scaling the counts to 0.25 x 
0.25 m) were used in analyses. Thus, densities of motile macroinvertebrates are per 0.1875 m2 
(0.0625 m2 x 3), and each plot represents n = I. The numbers presented in the tables were 
rounded to the nearest tenth, numbers in text to the nearest whole number. 
In addition to the procedures described above, all mussels were counted in each of the sampled 
quadrats in fall 1992 for comparison with similar data collected during the original study. 
Comparison of Methods with Ori~jnal Study 
As described above, the field methods employed for this study were, for the most part, identical 
to those used during the original KLI study. However, there were some differences, which are 
summarized here. __ . 
Only four of the original six sites were sampled during this study. Sites were sampled every 
other fall. In contrast, the sites were sampled each spring and fall during the original study. The 
cleared plots in the Endocladia/Mastocarpus assemblage were not sampled in this study. 
Field sampling techniques differed in two ways between the studies. In this study, three 
photographs were taken of each plot sampled, to provide a permanent visual record. Eight 
photographs, including close-ups of quadrat pairs, were taken of each plot during the KLI study. 
KLI measured all mussels in the cleared plots in the field during the original study, in an attempt 
to track changes in size-frequency distributions through time. In contrast, mussels were counted 
in all sampled quadrats in the field in fall 1992, for comparison with the original study, but the 
mussels were not measured. 
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Table 3. Recent changes to macrophyte and macroinvertebrate 
nomenclature for taxa observed in this study .1 
Previous 
Taxon 
MACROPHYTES 
Phaeophyta 
Hesperophycus harveyanus = 
Rhodophyta 
Giganina cana/icu/ata = 
Iridaea comucopiae = 
Iridaea heterocarpa = 
Iridaea splendens = 
Rhadoglossum affine = 
MACROINVERTEBRATES 
Pelecypods 
Mytilus edulis = 
Gastropoda 
"Col/isel/a" scabra = 
Current 
Taxon 
Hesperophycus ca/ifomicus 
Chondracanthus canaliculatus 
Mazzaella comucopiae 
Mazzae//a heterocarpa 
Mazzael/a sp/endens 
Mazzaella affinis 
Mytilus galloprovincialisltrossulus 
Macclintockia scabra 
1 Macrophyte changes are from Abbott and Norris (1985), Scagel eta!. (1989), Silva (1990), 
and Hommersand eta!. (1993). Macroinvertebrate changes are from Kozloff (1987) and 
Richards (1992). 
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Analyses 
Kinnetic Laboratories, Inc., (1992) observed seasonal variation in abundance for a few taxa 
during their study. In order to avoid possible confusion due to seasonal variation, and for 
consistency, it was decided that data collected during this study would be compared only with 
data collected during the fall sampling periods in the original study. The only exception to this 
was the inclusion in this report of data from the spring 1991 sampling period (see Appendix), the 
last sampling effort in the original study. The spring 1991 data provided a bridge between the 
fall 1992 data and the data collected during the last fall sampling period ofthe original study in 
1989 (a 3-year gap). Data collected during spring sampling periods were also used in 
construction of the figures depicting plot recovery. 
As in the original study (Kinnetic Laboratories, Inc., 1992), the recovery of the cleared Mytilus 
plots was determined using the Bray-Curtis index of similarity based on percent cover estimates 
of sessile taxa (Bray and Curtis, 1957; Goodall, 1978; Pielou, 1984). The range of similarities of 
the control plots to each other (i.e., 1 vs. 2, 1 vs. 3, 2 vs. 3) at each sampling event was used to 
set the limits of a control percent similarity envelope. The similarity of the cleared plots to the 
controls was determined by calculating the similarity of each cleared plot to each of the three 
control plots, then determining the mean of these values. The mean of the cleared plot similarity 
values was then plotted relative to the control envelope. The three cleared plots within the 
Mytilus assemblage were considered to have recovered when their mean similarity to the control 
plots was equal to or greater than the least similar pair of control plots in the same sampling 
period (the bottom of the range of similarity values among the control plots). 
Percent recovery was calculated by dividing the mean percent similarity for the cleared plots by 
the percent similarity of the least similar pair of control plots (i.e., the comparison defining the 
lower limit of the recovery envelope at a given time), then multiplying by 100. Recovery rate for 
each unrecovered plot was calculated by dividing percent recovery by the number of months to 
the last sampling date. 
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m. RESULTS 
A. Kibesillah Hill 
1. Mytilus Assemblage 
Synopsis 
While recovery was continuing in the both the spring- and fall-cleared plots, it seemed clear, as 
of fall 1992, that the Mytilus assemblage was probably years away from full recovery at 
Kibesillah Hill. The Bray-Curtis index of similarity from the fall 1992 cleared plots was 
compared to the index of similarity for the fall 1992 control plots (Figure 2). As discussed 
below, the control plots remained similar over time, and the cleared plots, while very similar to 
each other, were still very different from the controls. The spring-cleared plots were 39 percent 
recovered, and the fall-cleared plots were 41 percent recovered (Table 4). Although complete 
recovery had not occurred by fall 1992, comparison of the fall 1992 results with previous years 
indicated that recovery was continuing at a very slow rate. 
Control Plots 
The control plots at Kibesillah Hill were relatively low in species richness and were dominated 
by the mussel Mytilus. The total number of taxa in the Mytilus control plots at Kibesillah Hill in 
fall1992 was 14 (2 macrophytes and 12 rnacroinvertebrates, Table 5). Total rnacrophyte cover in 
fall1992 was 23 percent. Total rnacroinvertebrate cover was very high (130 percent). 
As described in the methods, rnacroorganisrn abundance was measured in two ways, as percent 
cover and density. The taxon with the most cover in the control plots in fall1992 was the mussel 
Mytilus califomianus, with a cover of 99 percent (Table 5). The mussels in these plots were 
large, averaging 7 to 8 ern in length, densely aggregated, and thickly layered. Mussels in these 
plots were often observed to form hummocks 5 to 10 mussels tall. The next most abundant 
rnacroorganisrns in terms of cover were the barnacles Chthamalus sp(p). (13 percent), which 
were generally layered on top of the mussels. This layering was probably responsible for the 
high rnacroinvertebrate cover (130 percent) mentioned earlier. The tufted red alga Endocladia 
muricata (12 percent) followed closely, along with the fleshy red alga Mastocarpus papillatus 
(11 percent) and the sea anemone Anthopleura elegantissima (11 percent). Another barnacle, 
Balanus glandula, was also well represented in the plots with a cover of 5 percent. Shell debris 
accounted for only 2 percent of the substratum observed in fall 1992 (neither bare rock nor rock 
was observed). Refer to the methods for definitions of rock, bare rock, and other terms used in 
this report. 
The density data showed that several motile rnacroinvertebrates were common in the plots 
(Table 5). The most abundant rnacroinvertebrates (density expressed as no./0.1875 rn2) were the 
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Figure 2. Recovery of spring- and fall-cleared plots in the Mytilus assemblage at Kibesillah Hill. 
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Table 4 • Similarity (percent) of the Mytilus assemblage cleared plots to the control plots, the percent cleared plots have recovered, and the similarity 
of the least similar contror plots during fall 1992.1 
Spring-Cleared Plots Fall-Cleared Plots 
Similarity to Control Plots Similarity to Control Plots Similarity of the 
Plot 1 Plot2 Plot 3 Mean Percent Plot 1 Plot2 Plot 3 Mean Percent Least Similar 
Site (n=3) (n=3) (n=3) (n=3) Recovered (n=3) (n=3) (n=3) (n=3) Recovered Control Plots 
Kibesillah Hill 20.3 38.9 38.2 32.5 38.8 39.9 21.8 41.7 34.5 41.2 83.7 
Sea Ranch 59.7 39.3 29.9 43.0 49.9 31.0 31.2 25.9 29.4 34.1 86.2 
Pescadero Rocks 69.0 49.8 30.3 49.7 68.1 18.3 33.4 40.9 30.9 42.3 73.0 
Point Sierra Nevada 31.6 19.6 49.2 33.5 55.0 37.5 19.4 65.5 40.8 67.0 60.9 
1 Similarity was determined using the Bray·Curtis index of similarity·. The similarity of each cleared plot to the control plots was determined by calculating the similarity of each cleared plot to 
each of the three control plots, then detennining the mean for that plOt (mean of three comparisons). The three cleared plots have recovered when their mean similarity to the control plots (mean of 
three comparisons) is equal to or greater than the similarity of the leaSt similar control plots in the same sampling period (lowest of three comparisons). Percent recovered was calculated by 
dividing the mean similarity for the cleared plots by the similarity value for the least similar control plots, then multiplying by 100. 
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Table 5. Macrophyte, macroinvertebrate, and substratum abundances in the 
Mytilus assemblage control plots at Kibesillah Hill during fall 1992.1 ,_ 
Standard 
Taxon/Substratum Mean Deviation 
r 
Macrophytes - Cover (Percent) 
Endocladia muricata 12.2 3.5 
Mastocarpus papillatus 10.6 6.7 
Total Macrophyte Cover 22.8 
Macroinvertebrates - Cover (Percent) 
Myti/us califomianus 98.9 1.0 r 
! 
Chthamalus sp(p). 13.3 7.6 
Anthopleura elegantissima 10.6 8.6 
Balanus glandula 5.0 5.6 
Tegula junebralis 1.1 1.9 
linorina scutulata!plena 0.6 1.0 
Lottia digitalis 0.6 1.0 
Total Macroinvertebrate Cover 130.1 L 
Macroinvertebrates - Density (No./0.1875 m2) 
Tegulajunebralis 28.3 15.0 
Linorina scutulatalplena 21.4 27.7 r 
"Collis ella" scabra 10.8 8.6 
Lottia digitalis 7.0 2.7 L 
Lottia limatula 2.4 4.2 
Lottia pelta 0.7 0.6 
Nucella emarginata 0.7 0.6 .. 
= 
Echinoderm, unident. 0.3 0.6 
r 
Total Number of Macrophyte Taxa 2 
L 
Total Number of Macroinvertebrate Taxa 12 
r 
Total Number of All Taxa 14 L 
Substratum - Cover (Percent) 
Shell debris 1.7 1.7 
r 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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snail Tegulafunebralis (28) and the littorine snails Littorina scutulata/plena (21). Two limpets, 
"Collisella" scabra and Lottia digitalis, were also common, with densities of 11 and 7, 
respectively. Total grazer density included 28 Tegula snails, 21littorine snails, 21limpets, and 1 
echinoderm. 
In general, the number of all taxa steadily decreased from 18 at the beginning of the study, when 
KLI began monitoring these plots, to 14 in fall1992 (Table A-1). The total number of 
macrophyte taxa decreased over time, from 5 in 1985 to 2 in 1992. The total number of 
macroinvertebrate taxa went up to 15 in fall1986 and 1987, but decreased to 12 in fall1989 and 
1992. At Kibesillah Hill, a grand total of 28 taxa (including 19 macroinvertebrates and 9 
macrophytes) was observed in the control.plots since 1985. 
The mussel Mytilus califomianus consistently was the most abundant macroinvertebrate in the 
control plots, with cover ranging from 90 to 100 percent since the mid-1980's (Table A-1). The 
absence of unoccupied primary substratum also pointed to the high cover and density of mussels 
in these plots. The only substratum that consistently showed up in the plots, even in small 
amounts, was shell debris. Bare rock, rock, and sand had cover values of less than 1 percent or 
were absent. 
Cover by the barnacles Chthamalus sp(p )., which ranged from 1 to 4 percent during previous fall 
surveys, increased to 13 percent in 1992 (Table A-1). The stability of the mussel bed at this site 
may have allowed for increased settling and growth by Chthamalus sp(p). The sea anemone 
Anthopleura elegantissima also was more abundant in 1992 than in previous fall sampling 
periods. Abundance of this taxon at Kibesillah Hill varied throughout the study; some of this 
variability may have been due to the patchiness of this taxon. In general, organisms with a 
patchy distribution will show up in the data as variable over time, since different quadrats within 
the plot were sampled each sampling period. This may explain the higher cover values of this 
sea anemone in fall1987 and 1992. The barnacle Semibalanus cariosus, while present in low 
abundances during previous years, was not observed in 1992. 
Total rnacroinvertebrate cover varied only slightly over the study period (109 to 116 percent) 
with the exception offall1992, when cover increased to 130 percent. This increase in fall1992 
was primarily due to the sharp increase in cover by the barnacles Chthamalus sp(p ). 
Two taxa, the red tufted alga Endocladia muricata and the fleshy red alga Mastocarpus 
papillatus, were particularly abundant in 1992, when cover values (12 and 11 percent, 
respectively) were two to three times higher for both taxa than in previous fall sampling periods 
(ranging from 0 to 5 percent, Table A-1). Cover values were also higher in spring 1991, 
[Endocladia (21), Mastocarpus (7), Table A-2], indicating that this upward trend had begun by 
spring 1991 and continued into 1992. The foliose red alga Porphyra perforata, which was not 
observed in fall1989 or fall1992, ranged as high as 38 percent during previous fall sampling 
periods. Total macrophyte cover varied over the study period, ranging from 4 percent in fall 
1986 to 43 percent in 1988, with fall1992 well within this range (23 percent). The decrease 
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from fall 1988 and 1989 to fall 1992 was largely due to the decline in the foliose red algae 
Porphyra perforata and Porphyra lanceolata. 
The macroinvertebrate density data indicated that the most abundant macroinvertebrates in fall 
1992 were common in the plots in previous fall sampling periods. While densities varied, the 
littorine snails Littorina scutulata/plena, the snail Tegulafunebralis, and limpets "Collisella" 
scabra and Lottia digitalis were abundant in the plots every fall sampling period since 1985 
(Table A-1). However, based on data from fall sampling periods between 1985 and 1992, it 
appears that Lottia paradigitalis declined in the plots. Lottia paradigitalis was not observed in 
falll992; it reached a high of 12 per 0.1875 m2 in fall1988, but dropped to 1 in fall1989. 
A comparison of the Mytilus control plots, using the Bray-Curtis index of similarity, indicated 
that in fall 1992 the plots were very similar to one another and had been very similar to each 
other throughout the 1985-1992 study (Figure 2). 
Spring-Cleared Plots 
Based on the number of taxa, the spring-cleared plots were very diverse. In fall 1992, there were 
16 macrophyte taxa and 18 macroinvertebrate taxa in these plots at Kibesillah Hill (Table 6). 
Total macrophyte cover was 100 percent in the spring-cleared plots; total macroinvertebrate 
cover was 34 percent. 
While not the most abundant taxon, the mussel Mytilus califomianus was the most abundant 
macroinvertebrate in the spring-cleared plots and reached a new cover maximum in fall1992 (21 
percent) (Table 6). Observations indicated that one of the spring-cleared plots still had very little 
Mytilus, while mussel cover was substantial in the other plots. In the plots where mussel 
recovery was proceeding well, it appeared that both recruitment and encroachment were factors 
in the increase in mussel cover. Clusters of small mussels were found in the interior of the plots; 
large layered mussels were found encroaching from the perimeters. Despite the continued 
progress toward recovery, however, total abundance was still considerably less than the total 
mussel cover present in the control plots at this site. 
Rock accounted for 29 percent of the substratum in the spring-cleared plots in fall 1992. 
Macrophyte taxa contributed the most cover (Table 6). Two of these taxa, the tufted green alga 
Cladophora columbiana and the branched red alga Odonthaliafloccosa, made up almost half of 
the total cover, with an abundance of 24 percent each. The standard deviation value for the 
branched red alga Odonthalia floccosa was unusually high ( 40). Observation and review of the 
plot data showed that Odonthalia had high cover in one of the plots and was sparse in the others. 
Other macrophytes contributed another 45 percent to the total cover (Table 6). These included 
the fleshy red alga Mastocarpus papillatus ( 10 percent), the tufted red alga Endocladia muricata 
(8 percent), the articulated coralline alga Corallina vancouveriensis (8 percent), the rockweed 
Fucus gardneri (5 percent), the branched red alga Neorhodomela larix (5 percent), the fleshy red 
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[] Table 6. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at KibesiUah Hill during fall 1992.1 
0 Spring-Cleared Fall-Cleared Taxon/Substratum Mean S.D.' Mean S.D. 
0 Macrophytes - Cover (Percent) 
0 
Cladophora columbiana 24.4 8.2 15.2 14.2 
Odonthalia jloccosa 24.4 39.5 1.7 2.9 
Mastocarpus papillatus 10.0 10.4 19.4 15.1 
Endocladia muricata 8.3 11.7 1.1 1.0 
0 Corollina vancouveriensis 7.8 9.2 9.4 5.6 Fucus gardneri 5.0 7.3 4.4 6.3 
Neorhodomela larix 5.0 5.0 0.6 1.0 
D 
Iridaea heterocarpa 3.9 2.6 1.7 1.7 
Iridaea splendens 3.3 5.8 2.8 2.6 
Polysiphonia hendryi 2.2 3.9 
Petrocelis sp(p). 1.7 2.9 2.2 3.9 
0 Brown crusts 1.1 1.9 1.1 1.9 Crustose corallines, unident. 1.1 1.0 1.1 1.0 
Pelvetia-Pelvetiopsis sp(p) 0.6 1.0 0.6 1.0 
n Bossie/la plumosa 0.6 1.0 0.6 1.0 u Red crusts 0.6 1.0 1.7 1.7 
Analipus japonicus 0.6 1.0 
D 
Halosaccion americanum 0.6 1.0 
Prionitis lanceolata 0.6 1.0 
Ralfsia sp(p). 0.6 1.0 
0 Total Macrophyte Cover 100.0 66.0 
Macroinvertebrates - Cover (Percent) 
Q Mytilus califomianus 21.1 13.9 19.4 11.7 
Chthamalus sp(p). 5.6 4.8 5.6 3.9 
0 Anthopleura elegantissima 2.2 2.6 2.8 2.6 Balanus glandula 1.7 1.7 1.7 2.9 Tegula funebralis 1.1 1.0 1.7 1.7 
Tetraclita rubenscens 0.6 1.0 5.0 8.7 
[J Pagurus sp(p) 0.6 1.0 Pollicipes polymerus 0.6 1.0 0.6 1.0 
Nuttalina califomica 1.1 1.0 
0 Lottia digitalis 0.6 1.0 Lottia pelta 0.6 1.0 Semibalanus cariosus 0.6 1.0 
0 Total Macroinvertebrate Cover 33.5 39.7 
0 
f"") 21 
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IJ 
Table 6. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared 
plots at Kibesillah Hill during fall1992 1 (continued). 
Spring-Cleared FaD-Cleared 
Taxon/Substratum Mean S.D.2 Mean S.D. 
Macroinvertebrates • Density (No./0.1875 m2) 
"Collisella • scabra 22.3 32.7 32.6 52.1 
Lotlia sp(p). 20.8 18.0 8.3 14.4 
Tegula funebralis 8.0 6.1 9.7 7.0 
Nuce/la emarginata 4.2 7.2 
Littorina scutulatalplena 4.2 7.2 
Lotlia paradigitalis 3.1 4.5 
Lirularia succinta 2.1 2.6 
Lotlia pelta 1.7 2.9 3.4 5.9 
Lottia digitalis 1.0 1.7 5.7 9.8 
Lotlia limatula 0.3 0.6 
Mopalia muscosa 0.3 0.6 
Nuttallina califomica 2.0 2.0 
Total Number of Macrophyte Taxa 16 19 
Total Number of Macroinvertebrate Taxa 18 13 
Total Number of AU Taxa 34 32 
Substrata - Cover (Percent) 
Rock 29.4 24.2 12.2 10.0 
Bare Rock 7.2 7.5 13.3 6.0 
Sand 0.6 1.0 
1 Data are means -of three plots (n~3). Taxa aDd subStrata within each catCgoi). are ranked according to the means in th~ spring-
cleared plots, then listed alphabetically if the means are equal. Total percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots iOO.icated. 
1 S.D. = Standard Deviation 
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algae Iridaea heterocarpa (4 percent) and Iridaea splendens (3 percent), and the filamentous red 
alga Polysiphonia hendryi (2 percent). Among the rnacroinvertebrates, the barnacles Chthamalus 
sp(p ). and the sea anemone Anthopleura elegantissima had cover values of 6 and 2 percent, 
respectively. Bare rock accounted for 7 percent of the substratum in fall 1992. 
Density data for the spring-cleared plots showed that the limpets "Collisella" scabra (22/0.1875 
m2) and Lottia sp(p). (21) were abundant macroinvertebrates (Table 6). The snail Tegula 
funebralis (8), the predatory snail Nucella emarginata (4), littorine snails Littorina 
scutulatalplena (4), and the limpet Lottia paradigitalis (3) were also observed in the plots. Total 
grazer density in the spring-cleared plots included 491impets, 8 Tegula snails, 4littorine snails, 2 
other snails, and I chiton. 
The number of taxa increased from a total of20 in 1985 to 34 in 1992 (Table A-3). This increase 
was generally due to an increase in macrophyte taxa. The grand total number of taxa observed at 
Kibesillah Hill in the spring-cleared plots since 1985 numbered 58, including 32 
macroinvertebrate and 26 macrophyte taxa. 
Abundance of the mussel Mytilus califomianus increased over time at this site, with a sharp 
increase from 4 percent in fall 1989 to 18 percent in spring 1991 and 21 percent in fall 1992 
(Table A-3, Table A-4). It was the most abundant macroinvertebrate since fall1989 (Table A-3). 
It appears that some community changes occurred in one of these plots. This conclusion is based 
on the comparison of cover values for previously studied fall sampling periods with those for fall 
1992 (Table A-3). In fall1987, 1988, and 1989, macrophyte cover was shared between the 
fleshy red alga Mastocarpus papillatus, the branched red alga Neorhodomela oregona, the tufted 
red alga Endocladia muricata, and the tufted green alga Cladophora columbiana. The branched 
red alga Neorhodomela oregona, in particular, had high abundances in 1988 (30 percent) and in 
1989 (24 percent). However, in fall1992, both the branched red alga Odonthaliafloccosa and 
the tufted green alga Cladophora columbiana increased considerably, while the branched red 
alga Neorhodomela oregona was absent and the fleshy red alga MastocGJpus papillatus was at its 
lowest cover value in the sampled portion of the plot. The transition from high cover of 
Neorhodomela oregona to high cover of Odonthaliafloccosa apparently was beginning in spring 
1989, when both taxa were observed in the plots in low abundances (Kinnetic Laboratories, Inc., 
1992). 
Some motile macroinvertebrates showed decreases in density in 1992 compared to previous years 
(Table A-3). In particular, the limpets "Collisella" scabra, Lottia pelta, Lottia digitalis, and 
Lottia sp(p )., as well as the littorine snails Littorina scutulatalplena, were at their lowest levels in 
the plots since fall 1986. A decreasing trend over time would be expected as the assemblage 
matures, both because there are less algae to forage upon, and because macroinvertebrates are 
harder to see in the dense mussel bed. In the case of the littorine snails, however, whose 
densities decreased from a peak of 577 in fall1986 to 4 in fall1992, some additional factor may 
have been involved. 
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The amount of rock varied over the study, ranging from 6 percent in 1985 to a high of 43 percent 
in 1987 (Table A-3). The amount of bare rock was low in 1992 (7 percent) compared with that 
observed during other fall sampling periods, which ranged between 16 percent in 1988 and 74 
percent in 1985. 
Total macrophyte cover at Kibesillah Hill increased over the study period. Since fal11987, the 
cover ranged between 84 and 101 percent, with fal11992 at exactly 100 percent (Table A-3). 
Total macroinvertebrate cover was variable, ranging from a high of 34 percent in fall 1986 to a 
low of 13 percent in fall1989. Fall1992 cover data indicated that total macroinvertebrate cover 
had increased due to the large increase in Mytilus cover. The higher percent cover in the early 
years of the study was due primarily to barnacle cover. 
The Bray-Curtis index of similarity was used to examine recovery of the spring-cleared plots. 
This index does not look at mussel recovery specifically, but rather compares the similarity of 
species composition and abundance for the entire assemblage sampled in the cleared plots to the 
entire assemblage sampled in the control plots. As seen in Figure 2, which graphs these 
similarity values, recovery was continuing in the spring-cleared plots, but full recovery was 
probably still years away. By fall1992, the plots had recovered 39 percent (Table 4). Mussel 
density dropped sharply from 121 in spring 1991 (Table A-5) to 39 in fall1992 (Table 7). This 
drop, in combination with the increased mussel cover over this same period, could reflect a loss 
of small mussels. More likely, however, this drop reflects the variability among quadrats within 
a plot, since the same three quadrats were not sampled each sampling period. It is possible, 
therefore, that the quadrats sampled in spring 1991 had many small mussels, whereas the 
quadrats sampled in fall 1992 had fewer, large mussels. The rate of recovery remained very 
slow, dropping slightly from a rate of0.47 percent per month in spring 1991 to a rate of0.43 
percent per month in fall1992 (Table A-5, Table 7). 
Fall-Cleared Plots 
In fall1992, the number ofmacrophyte taxa observed in the fall-cleared plots atKibesillahHill 
was at the highest level since 1986. Nineteen macrophyte and 13 macroinvertebrate taxa were 
observed in these plots in 1992 (Table 6). Total macrophyte cover was lower in the fall-cleared 
plots (66 percent) compared to the spring-cleared plots (100 percent). Total 
macroinvertebrate cover in the fall-cleared plots (34 percent) was similar to that in the spring-
cleared plots ( 40 percent). 
At 19 percent cover, the mussel Mytilus califomianus was the most abundant macroinvertebrate 
taxon observed at Kibesillah Hill in fall 1992 (Table 6). Encroachment and recruitment are 
occurring in the fall-cleared plots. Placement of one of the plots in a slight depression where 
water is always present may favor settling by other organisms, thus impeding mussel recovery in 
this plot. In another plot, a small elevation at one comer appeared to be slowing encroachment to 
that portion of the plot. 
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Table 7. Summary of Mytilus cover, density, and recovery rate during fall1992. 1 
Mytilus Cover Mytilus Density 
(percent) (no./0.1875m2) 
Spring- Fall- Spring- Fall-
Control Cleared Cleared Cleared Cleared 
Site Plots Plots Plots Plots Plots 
Kibesillah Hill 98.9 21.1 19.4 39 63 
~ 
Sea Ranch 93.3 27.8 8.9 85 37 
Pescadero Rocks 80.6 36.1 17.8 247 126 
Point Sierra Nevada 62.2 12.2 17.8 107 177 
1 Data are means of three plots (n = 3). 
CJ [[[ [[[] CJ CJ [[[] 
Recovery Rate 
(percent/month) 
Spring- Fall-
Cleared Cleared 
Plots Plots 
0.43 0.49 
0.55 0.41 
0.75 0.50 
0.60 0.77 
As previously mentioned, macrophytes provided the most cover in the fall-cleared plots in 1992. 
The fleshy red alga Mastocarpus papillatus was the most abundant (19 percent), followed by the 
tufted green alga Cladophora columbiana (15 percent), the articulated coralline alga Corollina 
vancouveriensis (9 percent), the rockweed Fucus gardneri (4 percent) and the fleshy red alga 
Iridaea splendens (3 percent), and the crustose red algae Petrocelis sp(p). (2 percent). Several 
macroinvertebrates also provided cover in the plots. The barnacles Chthamalus sp(p). (6 percent) 
and Tetraclita rubescens (5 percent) accounted for a small amount of cover. The sea anemone 
Anthopleura elegantissima was also observed (3 percent). Bare rock accounted for 13 percent, 
and rock 12 percent of the substratum in the fall-cleared plots. 
Relatively few motile macroinvertebrates. were observed in the fall-cleared plots. The limpet 
"Collisella" scabra was common in the plots, with a density of 33 per 0.1875 m2• The next most 
abundant macroinvertebrate was the snail Tegulafunebralis (10). Other limpets observed were 
Lottia sp(p). (8), Lottia digitalis (6), and Lottia pelta (3). No littorine snails were observed in the 
plots in fall 1992. Total grazer density consisted of 50 limpets, 10 Tegula snails, and 2 chitons. 
Peaking in 1987 with 18 taxa, the number of macroinvertebrate taxa observed in the fall-cleared 
plots decreased to 13 in fall1992 (Table A-6). In contrast, the number of macrophyte taxa 
observed increased over this same period, from 10 in 1986 to almost double the original value 
(19) in fall 1992. In total, 52 different taxa, including 26 macroinvertebrates and 26 
macrophytes, were identified in the fall-cleared plots. 
Although not the most abundant taxon, total cover by the mussel Mytilus califomianus was at its 
highest level in the fall-cleared plots in fall 1992 (Table A-6), continuing a pattern of increasing 
cover that began in fall1989. Mussel cover rose from 10 percent in fall1989, to 17 percent in 
spring 1991 (Table A-2), and to a new high of 19 percent in fall1992 (Table A-6). 
Cover of the fleshy red alga Mastocarpus papillatus was essentially the same in fall 1992 as in 
fall1989 (19 percent vs. 18 percent), making it the most abundant macrophyte for the first time 
in fall1992 (Table A -6). The fleshy red alga Iridaea splendens generally decreased from the 
beginning of the study, from a high cover value of 21 percent in fall 1986 to a low of 3 percent in 
fall 1992. Macrophyte cover of the remaining taxa varied in these plots over the sampling 
period, although major trends could not be identified. Bare rock and rock cover both decreased 
roughly by half from fall1989 to 1992 (from 21 to 13 percent and 24 to 12 percent, respectively). 
The density of the limpet "Collisella" scabra in fall1992 (33/0.185 m2) was consistent with 
previous years, except for fall1987 when the density was very low (3, Table A-6). Density of the 
snail Tegulafunebralis in fall1992 (10) was also similar to that observed in previous years, 
when cover ranged from 5 to 11. The limpet Lottia pelta (3) was also observed in fall 1992 at a 
density similar to previous fall sampling periods (0 to 5). However, other limpets and littorine 
snails were present in low abundances compared with previous fall sampling periods, or were not 
observed. The small limpets Lottia (sp)p., in particular, showed a large decrease from fall1986 
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(123) to fall1992 (8). These lower abundances were consistent with the low macroinvertebrate 
abundance also observed at this site in the spring-cleared plots in fall 1992. 
Total macrophyte cover in the fall-cleared plots did not follow a clear pattern over the study 
period (Table A-6). The lowest cover values were observed in fall1986 (51 percent) and fall 
1992 (66 percent) with a peak in 1987 (93 percent). Total macroinvertebrate cover was 
somewhat less variable in previous fall sampling periods, ranging between 16 and 27 percent, 
though a notable increase occurred in fall1992 to 40 percent. This increase in falll992 was 
largely due to the increase in Mytilus. 
The fall-cleared plots at Kibesillah Hill were 41 percent recovered (Table 4). Based on the Bray-
Curtis index of similarity, the fall-cleared plots were slightly behind the spring-cleared plots in 
their recovery at this site (Figure 2). The length of time needed for full recovery is unknown, but 
is probably years away. Mussel density in the fall-cleared plots remained constant at 63 between 
spring 1991 and fall1992 (Table A-5; Table 7). The recovery rate remained very low and was 
essentially the same between spring 1991 and fall1992 (0.48 to 0.49 percent per month, 
respectively). 
2. Endocladia/Mastocarpus Assemblage 
Synopsis 
The assemblage in the Endocladia/Mastocarpus control plots varied over time between 1986 and 
1992. Total macrophyte cover and total macroinvertebrate cover were lower in fall1992 than 
they had been in fall1989. 
Control Plots 
Equal numbers ( 12 each) of macrophyte and macroinvertebrate taxa were observed in the 
Endocladia/Mastocarpus assemblage (Table 8). Total macrophyte cover in 1992 was high (89 
percent). Total macroinvertebrate cover was low (14 percent). 
Bare rock accounted for the greatest amount of area (27 percent) in the control plots in fall 1992 
(Table 8). The tufted red alga Endocladia muricata covered a fairly large portion of the 
substratum (18 percent). The brown rockweed Fucus gardneri was the most abundant taxon, 
with an average cover of 22 percent. Rock accounted for 19 percent of the plot area. 
The tufted green alga Cladophora columbiana and fleshy red alga Mastocarpus papillatus also 
provided a fairly large amount of cover in the plots, with abundances of 13 and 11 percent, 
respectively (Table 8). Other red algae, the crustose Petrocelis sp(p ). and the fleshy Iridaea 
splendens, were present with cover values of7 percent and 4 percent, respectively. Coralline 
algae were also well represented: the articulated alga Coral/ina officina/is covered 5 percent, and 
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Table 8. Macrophyte, macroinvertebrate, and substratum abundances in the 
Endocladia/Mastocarpus assemblage control plots at Kibesillah Hill 
during faJJ1992. I 
r 
Standard L 
Taxon/Substratum Mean Deviation 
r 
'· Macrophytes - Cover (Percent) 
Fucus gardneri 22.2 22.5 
Endocladia muricata 17.8 10.6 L 
Cladophora columbiana 13.3 11.7 
Mastocarpus papillatus 11.1 3.5 r 
Petrocelis sp{p). 7.2 9.8 
Coral/ina officina/is 5.0 7.3 
Crustose corallines, unident. 3.9 4.2 r 
Iridaea splendens 3.9 5.4 
Halosaccion americanum 1.7 1.7 
Red crusts 1.7 2.9 
Neorhodomela larix 0.6 1.0 
Pe/vetia-Pelvetiopsis sp{p). 0.6 1.0 L 
Total Macrophyte Cover 89.0 r 
'-. 
Macroinvertebrates - Cover (Percent) 
Anthop/eura e/egantissima 6.7 6.0 
Chthamalus sp{p). 5.0 6.0 L 
Myti/us califomianus 1.1 1.9 
Balanus glandula 0.6 1.0 r 
Littorina scutu/atalp/ena 0.6 1.0 L 
Total Macroinvertebrate Cover 14.0 .. 
L 
Macroinvertebrates - Density (No./0.1875 m2) 
Littorina scutu/atalp/ena 30.6 32.5 
Lottia sp{p). 6.3 12.6 L 
Tegula funebralis 10.3 6.1 
Lottia digitalis 0.3 10.8 r 
"Co//ise/la" scabra 11.0 1.2 ~ 
Nucella emarginata 0.7 0.6 
Lottia asmi 0.3 0.6 
Lottia limatula 0.3 0.6 
Total Number of Macrophyte Taxa 12 r 
Total Number of Macroinvertebrate Taxa 12 L 
Total Number of All Taxa 24 
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Table 8. Macrophyte, macroinvertebrate, and substratum abundances in the 
Endocladill!Mastocarpus assemblage control plots at Kibesillah Hill 
during falll992 1 (continued). 
Taxon/Substratum 
Substrata - Cover (Percent) 
Rock 
Bare rock 
Shell debris 
Mean 
18.9 
27.2 
1.1 
Standard 
Deviation 
8.2 
19.2 
1.0 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked 
according to the means. then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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crustose corallines accounted for 4 percent. Macroinvertebrates provided a small amount of 
cover. The sea anemoneAnthopleura elegantissima and the barnacles Chthamalus sp(p). 
covered 7 and 5 percent of the substratum, respectively. The mussel Mytilus califomianus also 
was observed at a very low abundance (1 percent). 
Motile macroinvertebrates were common in the plots (Table 8). These included the littorine 
snails Littorina scutulata/plena (3110.1875 m2), the limpet "Collisella" scabra (11), and small 
limpets Lottia sp(p). (6). The snail Tegulafunebralis had an observed density of 10. Total 
grazer density included 31littorine snails, 18limpets, and 10 Tegula snails. 
The total number of taxa and respective numbers of macrophyte and macroinvertebrate taxa 
varied over time; 1992 values were within the range of values observed in these plots in previous 
fall sampling periods but both were lower than in fall1989 (Table A-7). Overall, 40 taxa, 
including 23 macrophytes and 17 macroinvertebrates, were identified in the control plots. 
In comparison with most previous fall sampling periods, total macrophyte cover was down in 
1992 (Table A-7). Abundance of the fleshy red alga Mastocarpus papillatus, the tufted green 
alga Cladophora columbiana, and the rockweed Fucus gardneri were lower almost by half 
compared with fall1989, and were also low in relation to fall1987 and 1988. In the case of the 
latter two macrophytes, abundance in spring 1991 was also unusually low (Table A-8). The 
rockweeds Pelvetia-Pelvetiopsis sp(p)., which had been relatively abundant in fall1989 (22 
percent) and spring 1991 (35 percent), were very low (less than 1 percent) in fall1992 (Table A-
7). The tufted red alga Endocladia muricata had the same abundance in 1992 as in fall 1989; 
both years were low compared to all previous fall sampling periods in the control plots. Three 
grazing macroinvertebrates, the limpet "Collisella" scabr,a, the snail Tegulafunebralis, and the 
littorine snails Littorina scutulata/plena, had unusually high densities in spring 1991, which may 
account for some of the lower macrophyte abundances in 1992. 
The amount of rock observed in 1992 (19 percent) was about half that observed in previous years 
(between 32 and 48 percent, Table A-7). The amount of bare rock observed in 1992 (27 percent) 
was much higher than that observed in previous fall sampling periods (between 4 and 24 
percent). This increase in bare rock may have been related to the corresponding decrease in 
Fucus at this site. 
A comparison of the Endocladia/Mastocarpus control plots from 1985-1992, using the Bray-
Curtis index of similarity, indicated that there was considerable variation in the range of 
similarity of the control plots through time. However, similarity of the control plots in fall1992 
was within the range of similarity observed for the control plots during previous years (Figure 3). 
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Figure 3. Similarity of the control plots in the Endocladia/Mastocarpus assemblage at Kibesillah Hill. 
1 Similarity was determined using the Bray-Curtis index of similarity, The shaded area is the range of similarity among the control plots for each sampling 
period (n = 3), The first survey was conducted in spring 1985 (0 months). The last survey was conducted in fall 1992 (91 months), S85 = Spring 1985. 
CJ 
B. SeaRanch 
1. Mytilus Assemblage 
SynQPsis 
Based on differences between the Bray-Curtis index of similarity of control vs. cleared plots 
(Figure 4 ), neither the spring- nor fall-cleared plots in the Mytilus assemblage at Sea Ranch had 
fully recovered in fall1992, 7 to 7 \12 years after being cleared. In fall1992, the spring-cleared 
plots were 50 percent recovered and the fall-cleared plots were 34 percent recovered (Table 4). 
Although complete recovery had not occurred by fall 1992, comparison of fall 1992 results with 
previous years indicated that recovery was continuing at a very slow rate. 
Control Plots 
In fall1992, both macroinvertebrate species richness (number of species) and cover (percent) 
were much higher than that of macrophytes in the Mytilus assemblage control plots (Table 9). Of 
the 14 taxa observed, 11 were macroinvertebrates and only 3 were macrophytes. Similarly, 
macroinvertebrate cover was very high (121 percent), while total macrophyte cover was low (8 
percent). 
Based on cover (percent), the mussel Mytilus califomianus was the most abundant taxon in fall 
1992 (93 percent, Table 9). The mussels in these plots were mostly medium in size (about 5 em), 
and there was some patchy multilayering of mussels. After mussels, the barnacles Chthamalus 
sp(p). and Balanus glandula (both 9 percent) were next in abundance, followed by the barnacle 
Pollicipes polymerus (6 percent). 
Of the three macrophyte taxa observed in fall 1992, the only one that was somewhat common 
was the tufted red alga Endocladia muricata (6 percent, Table 9). Cover of the other two 
macrophytes, the filamentous red alga Polysiphonia hendryi and the crustose red algae Petrocelis 
sp(p )., was less than 2 percent each. Shell debris (2 percent), bare rock, and rock (both 1 percent) 
accounted for a very small area of the control plots. 
The most abundant motile macroinvertebrates based on density (no./0.1875 m2) during falll992 
(Table 9) were small limpets, Lottia sp(p). (104). The limpet "Collisella" scabra was next in 
abundance (55), followed by the limpets Lottia digitalis (33), Lottia pelta (13), and Lottia 
paradigitalis (4). The only other motile macroinvertebrates observed in fall1992 were the 
predatory snail Nucella emarginata (3) and the littorine snails Littorina scutulata/plena (3). 
Total grazer density included 209 limpets and 3 littorine snails. 
Comparison of species richness in fall1992 with fall sampling periods from 1985 through 1989 
(Kinnetic Laboratories, Inc., 1992) indicated that the number of macroinvertebrate taxa 
observed in fall 1992 was only slightly lower than previous fall sampling periods (range 12- 18, 
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Table 9. Macrophyte, macroinvertebrate, and substratum abundances in the r 
Mytilus assemblage control plots at Sea Ranch during fall1992. 1 L 
Standard r 
Taxon/Substratum Mean Deviation 
r 
Macrophytes- Cover (Percent) 
L 
Endocladia muricata 5.6 1.9 
r 
Polysiphonia hendryi 1.7 1.7 
Petrocelis sp(p). 0.6 !.0 L 
Total Macrophyte Cover 7.9 r 
L 
Macroinvertebrates - Cover (Percent) 
r 
Mytilus colifomianus 93.3 2.9 
Balanus glandula 8.9 5.1 
Chthamolus sp(p). 8.9 6.7 
Pollicipes polymerus 6.1 3.5 r 
Lillorina scUJU/ata/plena 1.1 !.9 L 
Lottia digitolis 1.1 1.9 
Lottia pelta 1.1 1.0 r 
Nucella emarginara 0.6 1.0 ,, 
Total Macroinvenebrate Cover 121.1 
Macroinvertebrates - Density (No./0.1875 m2) L 
Lottia sp(p). 104.2 64.2 r 
'Collisella • scabra 54.8 62.2 C, 
Lottia digitolis 33.0 25.1 
Lottia pella 13.1 10.0 
Lottia paradigitolis 4.1 4.7 
-c 
Nucella emarginiJJa 3.3 2.9 
Lillorina scUJU/ata/plena 2.8 4.8 
Total Number of Macrophyte Taxa 3 L 
Total Number of Macroinvertehrate Taxa 11 r 
L 
Total Number of All Taxa 14 
~ 
Substrata - Cover (Percent) L 
Shell debris 1.7 1.7 r 
Bare Rock 1.1 1.9 
Rock 0.6 1.0 L 
r 
1 Data are means of three plots (n=3). T~ and substrata within each category are ranked L 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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Table A-9), but was the same as in spring 1991 (11, Table A-10). However, the number of 
macrophyte taxa observed in fall 1992 (3) was more than 50 percent lower than in previous fall 
sampling periods (7- 9). The number of macrophytes (7) observed in spring 1991 was also 
higher than fall 1992. For all fall sampling periods combined, a grand total of 20 
macroinvertebrate and 17 macrophyte taxa were observed in the Mytilus assemblage control plots 
at Sea Ranch (Table A-9). 
From 1985-1992, total macrophyte cover changed substantially (Table A-9). During this period, 
total macrophyte cover declined from 43 percent in 1985 to only 8 percent in 1992. Much of this 
decline was due to a decline in one taxon, the tufted red alga Endocladia muricata, which 
decreased from a high of29 percent in 19.87 to only 6 percent in 1992. Conversely, total 
macroinvertebrate cover was relatively similar from year to year and was at its highest in 1992 
(121 percent). 
As in fall 1992, the mussel Mytilus califomianus was, by far, the most abundant taxon in all 
previous fall sampling periods (range 83- 94 percent, Table A-9). However, unlike fall1992, 
the tufted red alga Endocladia muricata was the next most abundant taxon in previous years ( 16 -
29 percent). Although the abundance of Endocladia declined somewhat during the study period, 
Endocladia abundance was far lower in fall1992 (6 percent) than either fall1989 (16 percent, 
Table A-9) or spring 1991 (18 percent, Table A-10). The abundance of two fleshy red algae, 
Mastocarpus papillatus (range 3 - 7 percent) and Iridaea splendens (1 - 4 percent), also declined. 
These two macrophytes were usually next in abundance after Endacladia muricata, but 
Mastocarpus papillatus was not observed in fall1989 or 1992, and Iridaea splendens was not 
observed in fall 1992. 
As in fall 1992, limpets were also the most abundant motile macroinvertebrates in previous fall 
sampling periods (range 109- 197/0.1875 m2). The three taxa with the greatest densities from 
fall1985 through fall1989 were always limpets. Although the top three limpet taxa varied from 
year to year, they included "Collisella" scabra, Lottia digitalis, Lottia sp(p)., and Lottia pelta. 
The predatory snail Nucella emarginata was next in abundance (2 - 8), followed by the littorine 
snails Littorina scutulata/plena (0 - 7), the limpet Lottia paradigitalis (0 - 6), and the snail 
Tegulafunebralis (0- 3). The densities of the remaining seven taxa were low (<3) in fall 
sampling periods prior to 1992, and all taxa were not observed in every year. 
A comparison of the Mytilus control plots from 1985-1992, using the Bray-Curtis index of 
similarity, indicated that in fall1992 the Mytilus assemblage control plots were very similar to 
each other and about as similar to one another as they had been in most previous surveys (Figure 
4). 
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Spring-Cleared Plots 
Compared to the control plots, species richness was higher in the Mytilus assemblage spring-
cleared plots at Sea Ranch in fall 1992. A total of 32 taxa, including 17 macroinvertebrates and 
15 macrophytes, was observed in the spring-cleared plots (Table 10) vs. 14 taxa in the controls. 
The number ofmacrophyte taxa was especially high in the spring-cleared plots (15 vs. 3), but the 
number of macroinvertebrates was also higher (17 vs. 11). Although the number of macrophyte 
taxa was similar to that of macroinvertebrates in the spring-cleared plots, total macrophyte cover 
(32 percent) was only about half that of macroinvertebrates (63 percent). 
The most abundant macroinvertebrate based on cover was the mussel Mytilus californianus (28 
percent). The barnacles Balanus glandula (17 percent) and Chthamalus sp(p). (14 percent) were 
next in abundance, followed by the limpet Lottia digitalis (2 percent). Total macroinvertebrate 
cover in the spring-cleared plots was only about half that of the controls (63 vs. 121 percent). 
Bare rock accounted for a relatively large area of the plots in falll992 (19 percent), rock and 
shell debris for much less (6 and 2 percent, respectively). 
Overall, total macrophyte cover in the spring-cleared plots, although somewhat greater than 
controls (32 vs. 8 percent), was still relatively low, with the cover of most taxa (12) being less 
than 2 percent each. Only 3 of the 15 macrophytes observed in the spring-cleared plots were 
somewhat common: the crustose red algae Petrocelis sp(p). (8 percent), the articulated coralline 
alga Bossiella plumosa (1 percent), and the tufted red alga Endocladia muricata ( 4 percent). 
The most abundant motile macroinvertebrates based on density were small limpets, Lottia sp(p). 
(390/0.1875 m2). Next in abundance were the littorine snails Littorina scutulata/plena (86), 
followed by the limpets "Collisella" scabra (33) and Lottia digitalis (16), the predatory snail 
Nucella emarginata (6), and the limpets Lottia paradigitalis (5) and Lottia pelta (3). Total 
grazer density included 447 limpets, 86littorine snails, 2 chitons, 1 Tegula snail, and 1 sea 
urchin. 
Comparison of species richness with previous years (Kinnetic Laboratories, Inc., 1992) indicated 
that the number ofmacroinvertebrate taxa in falll992 (17) was similar to most previous fall 
sampling periods (range 12- 19, Table A-11). The number ofmacrophyte taxa observed in fall 
1992 (15) was also similar to that observed in (Kinnetic Laboratories, Inc., 1992) falll986-1989 
(15- 18), but was much higher than in falll985 (8), which was observed only 7 months after 
clearing. For all fall sampling periods combined, a grand total of 23 macroinvertebrate and 32 
macrophyte taxa were observed in the Mytilus spring-cleared plots at Sea Ranch. 
From 1985-1992, total macrophyte cover varied from a low of32 percent in 1992 to a high of 63 
percent (Table A-ll). Although changes in total macrophyte cover showed no obvious trends, 
two years, 1986 (38 percent) and 1992, were noticeably lower than the others. Total 
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0 Table 10. Macropbyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at Sea Ranch during fall 1992.1 
0 Spring-Cleared Fall-Cleared Taxon/Substratum Mean S.D.' Mean S.D. 
0 Macrophytes • Cover (Percent) 
Petrocelis sp(p). 7.8 6.9 0.6 1.0 
0 Bossie/la plumosa 7.2 2.6 3.9 3.5 Endocladia muricata 4.4 3.5 18.9 5.4 
Analipus japonicus 1.7 2.9 
0 Iridaea splendens 1.7 1.7 5.0 4.4 Mastocarpus papillatus 1.7 1.7 3.3 1.7 
Brown Crusts 1.1 1.9 2.2 3.9 
0 Cladophora columbiana 1.1 1.0 10.0 7.3 Polysiphonia hendryi 1.1 1.0 6.1 2.6 Red crusts 1.1 1.9 1.7 2.9 
Iridaea heterocarpa 0.6 1.0 
0 Odonthalia jloccosa 0.6 1.0 3.9 6.7 Phaeostrophion irregulare 0.6 1.0 
Plocamium violaceum 0.6 1.0 
r• U/va sp(p). 0.6 1.0 
LJ Bossie/la sp(p). 1.1 1.0 Coral/ina vancouveriensis 1.7 1.7 
0 Leathesia dijformis 0.6 1.0 Total Macrophyte Cover 31.9 59.0 
0 Macroinvertebrates - Cover (Percent) 
Mytilus califomianus 27.8 17.7 8.9 3.9 
bl Balanus glandula 16.7 18.6 6.7 8.8 Chthamalus sp(p ). 13.9 21.2 7.8 9.5 Lottia digitalis 2.2 1.9 1.7 2.9 
0 
Anthopleura elegantissirna 0.6 1.0 
Nucella ernarginata 0.6 1.0 
Pagurus sp(p). 0.6 1.0 
Pisaster ochraceus 0.6 1.0 
0 "Collisella • scabra 0.6 1.0 Littorina scutulatalplena 0.6 1.0 
Lottia pelta 0.6 1.0 
0 Nuttallina califomica 0.6 1.0 Pollicipes polymerus 1.7 1.7 Tetraclita rubescens 0.6 1.0 
0 Total Macroinvertebrate Cover 63.0 29.8 
0 
[] 37 
0 
Table 10. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Sea Ranch during fall1992 1 (continued). 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.' Mean S.D. 
Macroinvertebrates- Density (No./0.1875 m1) 
Lottia sp(p). 389.6 154.9 100.0 103.3 
Littorina scutulatalplena 86.0 141.0 23.2 20.0 
"Collisella" scabra 33.2 24.8 10.3 9.2 
Lottia digitalis 15.8 4.4 27.5 18.6 
Nucella emarginata 5.7 2.5 3.0 1.0 
Lottia paradigitalis 4.8 7.4 4.1 5.4 
Lottia pelta 2.7 1.5 16.2 23.8 
Nuttallina ca/ifomica 1.3 0.6 2.0 1.7 
Strongylocemrotus purpuratus 0.7 0.6 0.3 0.6 
Mopalia muscosa 0.3 0.6 
Tegula funebralis 0.3 0.6 1.3 1.5 
Leptasterias sp(p). 0.3 0.6 
Lottia limatula 0.3 0.6 
Nemertea, unident. 0.3 0.6 
Total Nnmber of Macrophyte Taxa 15 13 
Total Nnmber of Macroinvertebrate Taxa 17 18 
Total Nnmber of All Taxa 32 31 
Substrata • Cover (Percent) 
Bare Rock 19.4 9.6 24.4 2.6 
Rock 6.1 1.0 25.6 20.0 
Shell Debris 1.7 1.7 3.9 6.7 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked according to the means in the spring-
cleared plots, then listed alphabetically if the means are equal. Total percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots indicated. 
1 S.D. = Standard Deviation 
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macroinvertebrate cover was even more variable than macrophyte cover from 1985-1992. 
Macroinvertebrate cover ranged from a low of only 8 percent in 1985 to a high of 63 percent in 
1992. 
The results of the fall 1992 survey indicated that mussel abundance continually increased at Sea 
Ranch. Compared to fall 1989 (6 percent, Table A-11), mussel abundance was substantially 
greater in spring 1991 (22 percent, Table A-12) and fall1992 (28 percent). However, compared 
to the control plots in fall1992 (93 percent), mussel abundance remained low. 
Several other trends were also apparent. The abundance of the tufted red alga Endocladia 
muricata increased steadily from 0 in fall1985 to 15 percent in fal11989, but was down to 4 
percent in fall1992; Endocladia abundance was also low (6 percent) in spring 1991 (Table A-
12). The abundance of the barnacle Balanus glandula was substantially higher in fall1992 (17 
percent) compared to previous fall sampling periods (range 0- 8 percent). The limpet Lottia 
digitalis declined by more than 85 percent from a peak density of 112 per 0.1875 m2 in fall 1986 
to a low of 16 in fall1992. However, if some of the small Lottia sp(p). observed in fall1992 
(390) were Lottia digitalis, the decline in this species may be offset in future years as smaller size 
classes grow large enough for identification. 
Based on comparisons between the Bray-Curtis index of similarity of control and spring-cleared 
plots, the spring-cleared plots had recovered 68 percent by fall1992 (Table 4), and recovery of 
the Mytilus assemblage was continuing at a slow rate (Figure 4). Another indication of recovery 
was the continued increase in mussel cover (percent), which was at its highest level in fall1992. 
The large increase in the density of mussels from 59 in spring 1991 (Table A-5) to 85 in fall1992 
(Table 7) also indicates that recovery was continuing. Based on the mean rate of recovery, which 
actually declined in fall1992 to 0.55 percent per month (Table 7) from 0.82 percent per month in 
spring 1991 (Table A-5), complete recovery is probably years away. 
Fall-Cleared Plots 
Compared to control plots at Sea Ranch in fall 1992, species richness was much higher in the 
Mytilus assemblage·fall-cleared plots. A total of 31 taxa, including 18 macroinvertebrates and 13 
macrophytes, was observed in the fall-cleared plots (Table 1 0) vs. 14 in the controls. The 
number of macrophyte taxa was especially high in the fall-cleared plots (13 vs. 3), but the 
number of macroinvertebrates was also higher ( 18 vs. 11 ). Total macroinvertebrate cover was 
much lower in the fall-cleared plots (30 percent) compared to controls (121 percent), while total 
rnacrophyte cover was higher in the fall-cleared plots (59 vs. 8 percent). 
Unlike both control and spring-cleared plots, the mussel Mytilus califomianus was not the most 
abundant taxon in the fall-cleared plots based on cover. Mytilus abundance was only 9 percent in 
fall1992. 
39 
The most abundant taxon in the fall-cleared plots was the tufted red alga Endocladia muricata 
(19 percent), followed by the tufted green alga Cladophora columbiana (10 percent). The 
barnacles Chthamalus sp(p). (8 percent) and Balanus glandula (7 percent) were next in 
abundance, followed by the filamentous red alga Polysiphonia hendryi (6 percent), the fleshy red 
alga Iridaea splendens (5 percent), the articulated coralline alga Bossie[[ a plumosa (4 percent), 
the branched red alga Odonthalia floccosa ( 4 percent), the fleshy red alga Mastocarpus 
papillatus (3 percent), and brown crusts (2 percent). Rock (26 percent) and bare rock (24 
percent) accounted for one-half ofthe total substratum in fall1992; shell debris accounted for an 
additional 4 percent. 
The most abundant motile macroinvertebrates based on density were small limpets, Lottia sp(p). 
(100/0.1875 m2). The limpet Lottia digitalis was next in abundance (28), followed by the 
littorine snails Littorina scutulatalplena (23); the limpets Lottia pelta (16),"Collisella" scabra 
(10), and Lottia paradigitalis (4); and the predatory snail Nucella emarginata (3). Total grazer 
density included 159 limpets, 23 littorine snails, 2 chitons, 1 Tegula snail, and 1 sea urchin. 
Comparison of species richness with previous years (Kinnetic Laboratories, Inc., 1992) indicated 
that the total number of taxa increased gradually from a low of 20 in fall 1986 to 32 in fall 1989 
and 31 in fall 1992 (Table A-13). The increase in species richness was especially true for 
macroinvertebrates, which increased from 12 in fall1986 to 18 in fall 1992. Although this trend 
was also true for macrophytes from fall1986 (8) to fall 1989 (16), only 13 macrophyte taxa were 
observed in fall 1992. For all fall sampling periods combined, a grand total of 23 
macroinvertebrate and 28 macrophyte taxa were observed in the Mytilus fall-cleared plots at Sea 
Ranch. 
Overall, total macrophyte cover increased slightly from 1986-1992 (Table A-13). Macrophyte 
cover was lowest during the first 2 years of the study (35 and 34 percent, respectively) and was 
higher in later years (54- 59 percent, respectively), reaching its highest level in 1992. Total 
macroinvertebrate cover varied with no obvious pattern, from a low of 14 percent in 1986 to a 
high of 42 percent in 1988; total macroinvertebrate cover in 1992 was 30 percent. 
The results of the fall 1992 survey indicated that mussel abundance continued to increase in the 
fall-cleared plots at Sea Ranch, although at a much slower rate than in the spring-cleared plots. 
Compared to fall1989 (2 percent, Table A-13), mussel abundance was greater in spring 1991 (6 
percent, Table A-12) and fall 1992 (9 percent). However, compared to control plots (93 percent), 
mussel abundance remained very low. 
Based on comparisons between the Bray -Curtis index of similarity of control and fall-cleared 
plots, the fall-cleared plots had recovered 42 percent by fall 1992 (Table 4 ), and recovery of the 
Mytilus assemblage was continuing at a very slow rate (Figure 4). Another indication that these 
plots were recovering was the large increase in the density of mussels from 13 in spring 1991 
(Table A-5) to 37 in fall1992 (Table 7). Based on the mean rate of recovery, which actually 
declined slightly in fall 1992 to 0.41 percent per month (Table 7) from 0.66 percent per month in 
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spring 1991 (Table A-5), complete recovery is still probably years away. The mean recovery rate 
for the fall-cleared plots in fall 1992 was even lower than the spring-cleared plots (0.41 vs. 0.55 
percent/month), and the amount recovered was also lower (42 vs. 68 percent). 
2. Endocladia!Mastocarpus Assemblage 
SynQPsjs 
As discussed below, in fall 1992, the Endocladia/Mastocarpus assemblage in the control plots 
had not substantially changed from previous surveys of these plots. 
Control Plots 
A total of 29 taxa, including 17 macrophytes and 12 macroinvertebrates, was observed in the 
Endocladia/Mastocarpus assemblage control plots at Sea Ranch during fall 1992 (Table 11 ). 
Although the number of macrophyte taxa was only about 40 percent higher than 
macroinvertebrates, total macrophyte cover (131 percent) was substantially higher than 
rnacroinvertebrate cover (8 percent). 
Based on cover (percent), the most abundant taxon in fall 1992 was the tufted red alga 
Endocladia muricata (48 percent), which was also the most abundant in spring 1991 (47 percent 
-Table A-14). Next in abundance in fall 1992 was the fleshy red algaMastocarpus papillatus 
(21 percent), followed by the rockweed Fucus gardneri (18 percent), the tufted green alga 
Cladophora columbiana (17 percent), the crustose red algae Petrocelis sp(p). (5 percent), the 
branched red alga Cryptosiphonia woodii (4 percent), the rockweeds Pelvetia-Pelvetiopsis sp(p). 
(3 percent), and the articulated coralline alga Coral/ina officina/is (2 percent). Cover of each of 
the remaining nine macrophytes was less than 2 percent. Although bare rock accounted for only 
7 percent of the substratum in fall 1992, a substantial amount of rock (32 percent) was observed. 
Macroinvertebrates contributed very little to the total cover in the Endocladia/Mastocarpus 
assemblage control plots. The combined cover of the seven macroinvertebrates observed in fall 
1992 was only 8 percent, and the cover of all but one taxon, the sea star Pisaster ochraceus (2 
percent), was Jess than 2 percent each. 
The only abundant motile rnacroinvertebrates were small limpets, Lottia sp(p). (75/0.1875 m2); 
densities of the remaining six motile taxa were Jess than 2. Total grazer density included 79 
limpets; no other grazers were observed in fall 1992. 
Comparison of species richness with previous years (Kinnetic Laboratories, Inc., 1992) indicated 
that the number of macrophyte taxa observed at Sea Ranch in fall 1992 (17) was within the range 
of that observed from fall1985 to fall1989 (range 13- 17, Table A-15). The number of 
macroinvertebrate taxa observed in fall1992 (12) was also within the range of previous fall 
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Table 11. Macrophyte, macroinvertebrate, and substratum abundances in ' 
the Endocladia!Mastocarpus assemblage control plots at Sea Ranch ~ 
during falll992.' 
r 
Standard 
Taxon/Substratum Mean Deviation 
r 
Macrophytes - Cover (Percent) ~ 
Endocladia muricata 48.3 r 11.7 
Mastocarpus papillatus 21.1 3.5 L 
Fucus gardneri 18.3 7.6 
Cladoplwra columbiana 17.2 24.1 r 
Petrocelis sp(p). 5.0 2.9 ~ 
Cryptosiplwnia woodii 3.9 4.2 
Pelvetia-Pelvetiopsis sp(p). 3.3 2.9 r 
Coral/ina ojjicinalis 2.2 3.9 
Coral/ina vancouveriensis 1.7 2.9 l. 
Iridaea splendens 1.7 2.9 
Ralfsia sp(p ). 1.7 2.9 r 
mva sp(p). 1.7 1.7 L 
Brown crusts 1.1 1.0 
Polysiplwnia hendryi 1.1 1.9 r 
Porphyra perforata 1.1 1.9 
Crustose corallines, unident. 0.6 1.0 
Neorlwdomela larix 0.6 1.0 r 
Total Macrophyte Cover 130.6 c 
Macroinvertebrates - Cover (Percent) r 
l 
Pisaster ochraceus 2.2 3.9 
Antlwpleura xantlwgrammica 1.7 2.9 r 
Antlwpleura elegantissima 1.1 1.9 
-t 
Chthamalus sp(p ). 1.1 1.0 
Balanus glandula 0.6 1.0 
Lottia pella 0.6 1.0 
Mytilus californianus 0.6 1.0 c 
Total Macroinvertebrate Cover 7.9 
L 
Macroinvertebrates - Density (No./0.1875 m2) 
Lottia sp(p ). 75.0 41.0 
• Collis ella • scabra 1.3 1.2 L 
Lottia digitalis 1.3 1.5 
Lottia pella 1.3 1.5 
Pisaster ochraceus 1.0 1.7 L 
Leptasterias sp(p). 0.3 0.6 
Nucella emarginata 0.3 0.6 r 
L 
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Table 11. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia!Mastocarpus assemblage control plots at Sea Ranch 
during fall1992 1 (continued). 
Taxon/Substratum 
Total Number of Macrophyte Taxa 
Total Number of Macroinvertebrate Taxa 
Total Number of All Taxa 
Substrata - Cover (Percent) 
Rock 
Bare rock 
Mean 
17 
12 
29 
32.2 
7.2 
Standard 
Deviation 
9.2 
4.2 
1 Data are means of three plots (n=3). Taxa and substrata within each category ai'e ranked 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
43 
sampling periods (range 8 - 17), although the total number of macroinvertebrate taxa has been 
more variable than that of macrophytes. For all fall sampling periods combined, a grand total of 
29 macrophyte and 27 macroinvertebrate taxa was observed in the Endocladia/Mastocarpus 
assemblage control plots at Sea Ranch. 
The abundance and ranking of the more common taxa by abundance from fall 1985 through fall 
1989 was similar to that observed in fall1992. Unlike the Mytilus control plots, comparatively 
little change occurred in the abundance of macrophytes from year to year, and total macrophyte 
cover remained high (103- 138 percent). As in falll992, the tufted red alga Endocladia 
muricata was the most abundant taxon in all fall sampling periods from 1985 through 1989 
(range 41 - 58 percent). Similarly, the fleshy red alga Mastocarpus papillatus (range 13 - 23 
percent), the rockweed Fucus gardneri (range 10- 25 percent), and the tufted green alga 
Cladophora columbiana (range 9- 13 percent) were among the four taxa with the greatest cover, 
although their ranking varied somewhat from year to year. The only exception was fall1988, 
when cover of the rockweeds Pelvetia-Pelvetiopsis sp(p). was slightly higher than Cladophora 
columbiana (12 vs. 11 percent). Except for the crustose red algae Petrocelis sp(p). (range 3- 10 
percent), and the rockweeds Pelvetia-Pelvetiopsis sp(p). (range 0- 12 percent), cover of the 
remaining 23 taxa was low from fall1985 through 1989, and not all taxa were observed in every 
year. 
As in fall1992 (8 percent), total rnacroinvertebrate cover was also very low from fall1985 
through fall1989 (range 7- 16 percent). The sea anemone Anthopleura elegantissima (0- 9 
percent) and the barnacles Chthamalus sp(p). and Balanus glandula (0- 7 percent) were usually 
the taxa with the greatest cover, although their ranking varied from year to year. Cover of other 
taxa was low ( <2 percent), and not all taxa were observed in every year. 
Limpets were usually the most abundant (no./0.1875 m2) motile macroinvertebrates from fall 
1985 through fall1989. However, their total density was highly variable from year to year (range 
30- 174), and in 1988 the littorine snails Littorina sp(p). were more abundant than limpets (101 
vs. 30). 
A comparison of the Endocladia!Mastocarpus control plots from 1985-1992, using the Bray-
Curtis index of similarity, indicated that in fall1992 the Endocladia!Mastocarpus assemblage 
control plots were about as similar to one another as they had been in most previous surveys but 
were more similar to each other than in spring 1991 (Figure 5). 
44 
r 
r 
L 
r 
'-
r 
L 
L 
r 
L 
r 
L 
r 
L 
r 
L 
r 
L 
-L 
r 
r 
L 
r 
L 
L 
L 
-1 . ,---- r-- - ---- -· -! , - ~- --i c::J ----i L:___] c:::::_] 1 -] ~---] ~--~ c::J !-] ,--:1 ,-----] 
.j:>. 
Ut 
100 
......... 
80 
~ 
0 
~ 60 0 & 
;;:.... 
·g 40 
-·s 
...... 
tl'.l 20 
0 
0 
(SBS) 
Endocladia/Mastocarpus Assemblage 
Sea Ranch 
12 24 36 48 60 72 84 96 
(S86) (S87) (SBB) (S89) (S90) (S91) (F92) 
Elapsed Months Since Spring 1985 
Figure 5. Similarity of the control plots in the Endocladia/Mastocarpus assemblage at Sea Ranch. 1 
1 Similarity was determined using the Bray-Curtis index of similarity. The shaded area is the range of similarity among the conirol plots for each sampling 
period (n = 3). The first survey was conducted in spring 1985 (0 months). The last survey was conducted in fall 1992 (91 months). S85'= Spring 1985. 
C. Pescadero Rocks 
1. Mytilus Assemblage 
As discussed below, in fall1992, 7 to 7 \12 years after clearance, neither the spring- nor fall-
cleared plots in the Mytilus assemblage at Pescadero Rocks had fully recovered. This was based 
on a comparison of the Bray-Curtis index of similarity of the cleared plots relative to controls in 
fall 1992 (Figure 6) and on visual comparisons. The spring-cleared plots were 68 percent 
recovered, and the fall-cleared plots were 42 percent recovered (Table 4). However, the plots 
were more similar to the control plots than in previous sampling periods, indicating that recovery 
was continuing. 
Control Plots 
Macroinvertebrates were much more abundant than macrophytes in the Mytilus assemblage 
control plots during the fall 1992 survey (Table 12). Of the 17 taxa observed in the Mytilus 
control plots, 13 were macroinvertebrates and 4 were macrophytes. Also, total macroinvertebrate 
cover was very high (126 percent), whereas total macrophyte cover was low (6 percent). 
The most abundant taxon in the mussel plots based on cover (percent) was the mussel Mytilus 
califomianus, which covered a very large portion (81 percent) of the substratum (Table 12). 
These mussels were generally medium in size (about 5 em) and did not appear to be 
multilayered. Also abundant in the plots were four barnacle taxa: Balanus glandula ( 17 
percent), Tetraclita rubescens (16 percent), Pollicipes polymerus (6 percent), and Chthamalus 
sp(p ). ( 4 percent). Since barnacles were often attached to mussel shells, total macroinvertebrate 
cover was very high (126 percent). 
Only a small portion of the mussels or substratum had macrophyte cover (6 percent), and no large 
macrophytes were common in the plots (Table 12). The most common macrophyte taxon was 
green algae GATGOR (3 percent), which included no large macrophytes, but may have included 
some juvenile macrophytes. The remainder of the macrophyte cover (3 percent) was from three 
red algal taxa: crustose corallines, the tufted red alga Endocladia muricata, and the fleshy red 
alga Iridaea splendens. Rock accounted for 3 percent of the substratum in these plots. 
Although limpets only covered a small amount of the substratum (2 percent), they were the most 
abundant motile macroinvertebrates based on density (no./0.1875 m2, Table 12). The most 
abundant limpet was "Collisella" scabra (33), followed by Lottia limatula (12), Lottia digitalis 
(10), and Lottia pelta (8). The Iittorine snails Littorina scutulata/plena occurred in small 
numbers (19) considering the potential for these taxa to reach a very high density. The chiton 
Nuttallina califomica occurred at a very low density (2). Total grazer density in these plots 
included 66 limpets, 19 Iittorine snails, and 2 chitons. 
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Figure 6. Recovery of spring- and fall-cleared plots in the Mytilus assemblage at Pescadero Rocks. 1 
1 Similarity was detennined using the Bray-Curtis index of similarity. The shaded area is the range of similarity among the control plots for each sampling period (n = 3). The cleared plots have 
recovered when their mean similarity to the control plots is equal to or greater lhan the least similar control plots in the same sampling period (bottom of shaded area). Spring-cleared plots (n = 3) 
were cleared in spring 1985 (0 months). Fall-cleared plots (n = 3) were cleared in fall1985 (7 months). The last survey was conducted in falll992 (91 months). S85 = Spring 1985. 
Table 12. Macropbyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Pescadero Rocks during fall 
1992.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
GATGOR 2.8 4.8 
Crustose corallines, unident. 1.7 2.9 
Endocladia muricata 0.6 1.0 
Iridaea splendens 0.6 1.0 
Total Macrophyte Cover 5.7 
Macroinvertebrates - Cover (Percent) 
Mytilus californianus 80.6 16.8 
Balanus glandula 16.7 3.3 
Tetraclita rubescens 16.1 6.3 
Pollicipes polymerus 6.1 6.3 
Chlhamalus sp(p). 4.4 2.6 
• Collis ella • scabra 1.1 1.9 
Lottia pella 1.1 1.0 
Total Macroinvenebrate Cover 126.1 
Macroinvertebrates - Density (No./0.1875 m2) 
• Collis ella • scabra 33.3 8.7 
Littorina scutulatalplena 19.1 19.3 
Lottia limatula 12.3 10.4 
Lottia digitalis 9.8 4.0 
Lottia pella 8.4 4.3 
Lottia sp(p). 2.1 3.6 
Nuttallina califomica 2.0 3.5 
Lottia paradigitalis 1.3 0.6 
Total Number of Macrophyte Taxa 4 
Total Number of Macroinvertebrate Taxa 13 
Total Number of All Taxa 17 
Substratum - Cover (Percent) 
Rock 3.3 5.8 
1 Data arc means of three plots (n=3). Taxa and substrata within each category arc ranked 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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For all fall sampling periods combined, a grand total of 20 macrophyte and 21 macroinvertebrate 
taxa was observed in the Mytilus control plots at Pescadero Rocks (Table A-16). Comparison of 
species richness in these plots from 1985 to 1992 indicated that total species richness during the 
fall sampling periods declined substantially from 1985-1992. KLI observed 29 taxa at the start of 
their study in fall 1985, and only 20 taxa in fall1989 during their last fall sampling period. 
Species richness increased in spring 1991 to 24 taxa (Table A-17), but declined by fall1992, 
when only 17 taxa were observed (Table A-16). This decline was primarily due to a decrease in 
rnacrophyte taxa from 13 to 4 during the 1985-1992 sampling periods. 
In fall1992, taxa abundances were similar to the last fall visit in 1989, but abundances during 
these two surveys were very different from what they were in 1985 at the start of the study (Table 
A-16). The most obvious change was in the mussel Mytilus. Although Mytilus consistently had 
the greatest cover throughout the study, its cover at the start of the study in fall 1985 was 
relatively low (30 percent). Mussel cover increased over time, reaching its highest fall level in 
fall1989 (86 percent), and remained high during the fall1992 sampling period (81 percent). 
Kinnetic Laboratories, Inc., (1992) suggested that these control plots may have had unusually low 
densities of mussels at the start of the study due to a previous natural disturbance, and that the 
plots initially may have been at an intermediate level of succession. By 1989, it appeared that 
these plots had mussel cover similar to other sites in this study. This trend continued in 1992, 
and these control plots appeared to be in a late stage of succession. However, the large 
variability of the Mytilus assemblage at this site over time is an indication that changes to this 
assemblage are likely to occur in the future, and that the intertidal community is dynamic. 
Several other changes in the assemblage over time were consistent with the increase in mussel 
cover. During 1985-1992, total rnacrophyte cover changed substantially (Table A-16). 
Macrophyte cover was high in 1985 (64 percent) and decreased over time until reaching its 
lowest fall level (6 percent) in 1992. Half of this decline was due to a decrease in total coralline 
algal cover from 33 percent in fall 1985 to 2 percent in fall 1992. Further, as discussed above, £}
1 
____ m=a=cr'-'o"'pc='hyte species richness in these plots during_th~_fall_sampling_periods_declinedfromJ3_to_4 ___ _ 
from 1985-1992. Thus, as mussel cover increased, total macrophyte cover and macrophyte 
D 
0 
0 
D 
D 
0 
D 
richness decreased, indicating that there was less substratum for the macrophytes and that few of 
the macrophytes settled on the mussels. No macrophyte consistently had the greatest cover from 
1985-1992. 
Some taxa were at their highest or lowest abundances during the study in fall1992 (Table A-16). 
The articulated coralline alga Bossiella plumosa was at its lowest cover (0 percent), whereas the 
barnacles Balanus glandula and Tetraclita rubescens were at their highest cover (17 and 16 
percent, respectively). Further, the limpet "Collisella" scabra and the chiton Nuttallina 
califomica were at their lowest densities (33 and 210.1875 m2, respectively), whereas the littorine 
snails Littorina scutulata!plena and the limpet Lottia pelta were at their highest densities (19 and 
8, respectively). These changes were also consistent with the increase in mussel cover over time. 
Since barnacles and the limpet Lottia pelta were often attached to mussels, as the cover of 
49 
mussels increased so did the number of barnacles and the limpet Lottia pelta. The decline in the 
other limpet and chiton taxa may have been due to the lower availability of rock or macrophytes, 
or these taxa may have been present but not visible within the densely packed mussel 
assemblage. 
A comparison of the Mytilus control plots from 1985 to 1992, using the Bray-Curtis index of 
similarity, indicated that in fall 1992 the Mytilus assemblage control plots were more similar to 
one another than they had been at the start of the study in spring 1985 (Figure 6). 
Spring-Cleared Plots 
During the fall1992 survey of the spring-cleared plots, both macrophytes and macroinvertebrates 
were abundant. A total of 28 taxa was observed: 12 macrophytes and 16 macroinvertebrates 
(Table 13). Total macrophyte cover (59 percent) and total macroinvertebrate cover (65 percent) 
were also very high. 
The most abundant taxon based on cover was the mussel Mytilus califomianus (36 percent), 
followed by the articulated coralline alga Bossie/la plumosa (28 percent, Table 13). Other 
abundant macrophytes were the articulated coralline alga Coral/ina officina/is (7 percent), the 
branched brown algaAnalipus japonicus (6 percent), crustose corallines (6 percent), and the 
tufted green alga Cladophora columbiana (4 percent). Two barnacle taxa were common, 
Balanus glandula (15 percent) and Tetraclita rubescens (6 percent). The chiton Nuttallina 
califomica (3 percent) and the barnacles Chthamalus sp(p). (3 percent) were less abundant based 
on cover. Rock accounted for 6 percent, and bare rock accounted for 3 percent of the substratum 
in these plots. 
The most abundant motile macroinvertebrates based on density were the littorine snails Littorina 
scutulatalplena (48/0.1875 m2), followed by the limpet "Collisella" scabra (42, Table 13). The 
chiton Nuttallina califomica was the next most abundant macroinvertebrate and occurred in 
fairly high densities for this taxon (29). Also common were the limpets Lottia sp(p). (13) and 
Lottia limatula (9). Less common were the limpets Lottia pelta (5), Lottia paradigitalis (3), and 
Lottia digitalis (3). Total grazer density in these plots included 75 limpets, 48 littorine snails, 
and 29 chitons. 
For all fall sampling periods combined, a grand total of 35 macrophyte and 23 macroinvertebrate 
taxa was observed in the Mytilus spring-cleared plots at Pescadero Rocks (Table A-18). A 
comparison of these Mytilus plots from 1985-1992 indicated that species richness in fall 1992 
(28) was similar to previous fall surveys (range 23 - 32), but up slightly from that in the 1989 
survey (26). Species richness in fall 1992 was the same as spring 1991 (28, Table A-19). 
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0 Table 13. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at Pescadero Rocks during fall 1992.1 
0 Spring-Cleared Fall-Cleared Taxon/Substratum Mean s.n.• Mean S.D. 
0 Macrophytes - Cover (Percent) 
0 
Bossie/la plumosa 27.8 26.4 30.6 25.5 
Coral/ina officina/is 7.2 7.5 11.7 20.2 
Analipus japonicus 6.1 4.8 6.7 5.8 
Crustose corallines, unident. 6.1 6.7 8.9 6.3 
0 Cladophora columbiana 3.9 6.7 2.2 2.6 Coral/ina vancouveriensis 1.7 2.9 2.2 2.6 
Pelvetia-Pelvetiopsis sp(p). 1.7 2.9 1.1 1.9 
0 Iridaea splendens 1.1 1.9 3.3 4.4 Plocamium violaceum 1.1 1.9 GATGOR 0.6 1.0 
Mastocarpus papillatus 0.6 1.0 4.4 6.3 
0 Ralfsia sp(p). 0.6 1.0 2.2 3.9 Ulva sp(p). 7.8 13.5 
Polysiphonia hendryi 1.1 1.9 
0 Rhodoglossum affine 1.1 1.9 Colpomenia sp. 0.6 1.0 
Egregia menziesii 0.6 1.0 
0 Endocladia muricata 0.6 1.0 Petrocelis sp(p). 0.6 1.0 
Total Macrophyte Cover 58.5 85.7 
D Macroinvertebrates - Cover (Percent) 
0 Mytilus californianus 36.1 25.9 17.8 19.3 Balanus glandula 15.0 7.3 7.2 5.4 Terrae/ita rubescens 6.1 4.2 5.6 6.9 
D 
Nuttallina californica 3.3 2.9 3.9 6.7 
Chthomalus sp(p). 2.8 3.5 
Pollicipes polymerus 0.6 1.0 1.7 1.7 
Porifera, unident. 0.6 1.0 
D Lottia paradigitalis 0.6 1.0 Lottia pelta 0.6 1.0 
D 
Total Macroinvertebrate Cover 64.5 37.4 
Macroinvertebrates - Density (No./0.1875 m2) 
D Littorina scutu/atalplena 47.9 44.3 2.1 3.6 • Collis ella • scabra 41.8 6.1 18.5 . 5.4 
Nutta/lina califomica 28.7 17.0 30.0 27.6 
D Lottia sp(p). 12.5 10.8 10.4 13.0 
D 
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Table 13. Macrophyte, macrolnvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Pescadero Rocks during fall1992 1 (continued). 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.2 Mean S.D. 
Macroinvertebrates - Density (No./0.1875 nr) 
Lottia limatula 8.5 12.2 2.4 4.2 
Lottia pelta 5.1 2.8 7.0 10.4 
Lottia paradigitalis 3.0 3.6 6.1 8.9 
Lottia digitalis 2.7 3.8 19.2 26.6 
Fissurella volcano 0.3 0.6 0.3 0.6 
Lottia gigantea 0.3 0.6 
Total Number of Macrophyte Taxa 12 17 
Total Number of Macroinvertebrate Taxa 16 13 
Total Number of All Taxa 28 30 
Substrata - Cover (percent) 
Rock 6.1 5.1 2.2 1.9 
Bare rock 2.8 3.5 7.2 2.6 
Shell debris 0.6 1.0 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked according to the means in the spring-
cleared plots. then listed alphabetically if the means are equal. Total percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(·) indicates tbe taxon/substratum was not recorded in the plots indicated. 
1 S.D. = Standard Deviation 
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However, between fall1985 and fall1992, total macrophyte cover substantially declined (from 
103 to 59 percent, Table A-18) and total rnacroinvertebrate cover substantially increased (from 5 
to 65 percent). These changes were consistent with recovery of these plots, since the control 
plots had a much greater total macroinvertebrate cover than macrophyte cover. 
Also, the abundances of many taxa had substantially changed from what was observed during fall 
surveys from 1985-1989 (Table A-18). In particular, the mussel Mytilus califomianus steadily 
increased after the plot was cleared in 1985, reaching its highest cover (36 percent) in fall1992. 
This was much higher than during the last fall survey in 1989 (21 percent), and slightly higher 
than during the last survey in spring 1991 (30 percent, Table A-19). Other taxa at their highest 
abundance in fall1992 included the barnacle Balanus glandula (15 percent, Table A-18), the 
articulated coralline alga Coral/ina officina/is (7 percent), the barnacle Tetraclita rubescens (6 
percent), the chiton Nuttallina califomica (3 percent), the barnacles Chthamalus sp(p). (3 
percent), the littorine snails Littorina scutulatalplena (48/0.1875 m2), and the limpet Lottia 
limatula (9/0.1875 m2). Taxa at their lowest abundance included the fleshy red alga Iridaea 
splendens (1 percent), the green algae GATGOR (1 percent), the membranous green algae Ulva 
sp(p ). (0 percent), the fllarnentous red alga Polysiphonia hendryi (0 percent), small limpets Lottia 
sp(p). (13/0.1875 m2), and the limpet Lottia digitalis (3/0.1875 m2). Although total limpet 
density sharply increased after the plots were cleared, reaching its greatest fall level in 1986 
(170/0.1875 m2), the total density during subsequent surveys was highly variable, and there was 
no clear pattern. 
In addition to the change in mussel cover discussed above, several other large changes in taxa 
abundances occurred between the last two fall surveys. In particular, all of the more abundant 
macrophytes in fall1989 decreased in 1992 (Table A-18). The decline in total coralline algal 
cover was particularly large, from 63 to 43 percent. Most of this was due to a decline from 42 to 
28 percent cover of the articulated coralline alga Bossie/la plumosa. This decline in coralline 
algal cover as mussel cover increased was consistent with the same pattern noted in the control 
plots. There was also a large drop (from 12 to 1 percent) in the spring-cleared plots in cover of 
the fleshy red alga Iridaea splendens. In addition, declines in the density (no/0.1875 m2) of 
several limpets, particularly "Collisella" scabra (78 to 42), occurred between fall1989 and fall 
1992. In contrast, the density of the littorine snails Littorina scutulatalplena increased from 0 in 
fall1989 to 48 in fall1992. 
Comparison of the Bray-Curtis index of similarity of the spring-cleared plots to controls 
indicated that the spring-cleared plots had not fully recovered after 7\12 years (Figure 6). 
However, the plots had recovered 68 percent (Table 4). Also, the spring-cleared plots were more 
similar to the control plots than in previous sampling periods, indicating that recovery was 
continuing (Figure 6). Another indication that these spring-cleared plots were recovering was the 
large increase in the density of mussels, from 186 in spring 1991 (Table A-5) to 247 in fall1992 
(Table 7). Recovery appeared to be occurring through both encroachment and settlement of 
mussels. As noted by Kinnetic Laboratories, Inc. (1992), the higher recovery at this site 
compared to other sites (especially for the spring-cleared plots) may have been an artifact of 
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comparing these cleared plots to control plots that were at an intermediate level of succession. 
This may have been less important in fall1992, when the control plots appeared to have been in a 
late stage of succession. 
It was not possible to determine how long recovery will take. However, since the recovery rates 
in both fall1992 (0.75 percent/month, Table 7) and in spring 1991 (0.69 percent/month, Table A-
5) were very low, recovery is expected to be slow. 
Fall-Cleared Plots 
During the fall1992 survey of the fall-cleared plots, both macrophytes and macroinvertebrates 
were abundant. A total of 30 taxa was observed, including 17 macrophytes and 13 
macroinvertebrates (Table 13). Total macrophyte cover (86 percent) and total macroinvertebrate 
cover (37 percent) were also very high, although macrophyte cover was much higher than 
macroinvertebrate cover. 
The mussel Mytilus califomianus was not the most abundant taxon based on cover (Table 13). 
Its relatively low cover (18 percent) was one obvious indication that these plots had not 
recovered very much. The most abundant taxon was the articulated coralline alga Bossiella 
plumosa (31 percent). Other abundant taxa were the articulated coralline alga Corallina 
· officinalis (12 percent), crustose corallines (9 percent), the membranous green alga Ulva sp(p). (8 
percent), the branched brown algaAnalipusjaponicus (7 percent), the barnacles Balanus 
glandula (7 percent) and Tetraclita rubescens (6 percent), the chiton Nuttallina califomica (4 
percent), and the fleshy red alga Mastocarpus papillatus ( 4 percent). Less abundant were the 
fleshy red alga Iridaea splendens (3 percent), the tufted green alga Cladophora columbiana (2 
percent), the articulated coralline alga Corallina vancouveriensis (2 percent), and the crustose 
brown algae Ralfsia sp(p). (2 percent). Bare rock accounted for 7 percent, and rock accounted 
for 2 percent of the substratum in these plots. 
The most abundant motile macroinvertebrate based on density was Nuttallina califomica, which 
occurred in high densities for this taxon (30/0.1875 m2, Table 13). Also common were the 
limpets Lottia digitalis (19), "Collisella" scabra (19), Lottia sp(p). (10), Lottia pelta (7), and 
Lottia paradigitalis (6). Total grazer density in these plots included 63 limpets, 30 chitons, and 2 
littorine snails. Since this was similar to the spring-cleared plots, grazing pressure probably was 
not a reason for the slower recovery rate of these plots. 
For all fall sampling periods combined, a grand total of 26 macrophyte and 25 macroinvertebrate 
taxa was observed in the Mytilus fall-cleared plots at Pescadero Rocks (Table A-20). A 
comparison of these Mytilus plots from I 986-1992 indicated that species richness in fall 1992 
(30) was similar to that in previous fall surveys (range 27- 31) and the same as fall 1989 (30), 
but down from spring 1991 (38, Table A-19). 
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However, between fall 1986 and fall 1992, total macrophyte cover substantially declined (from 
157 to 86 percent, Table A-20) and total macroinvertebrate cover substantially increased (from 2 
to 37 percent). These changes were consistent with recovery of these plots, since the control 
plots had a much greater total macroinvertebrate cover than macrophyte cover. 
Also, the abundances of many taxa had substantially changed from what was observed during fall 
surveys from 1986-1989 (Table A-20). In particular, cover of the mussel Mytilus califomianus 
steadily increased after the plot was cleared in 1985 and reached its highest cover (18 percent) in 
fall1992. This was much higher than during the last fall survey in 1989 (6 percent), and higher 
than during the last survey in spring 1991 (11 percent, Table A-19). Other taxa at their highest 
abundance in fall 1992 included the articulated coralline alga Corallina officinalis (12 percent, 
Table A-20), the barnacle Balanus glandula (7 percent), the barnacle Tetraclita rubescens (6 
percent), the chiton Nuttallina califomica (4 percent cover; 30/0.1875 m2), the crustose brown 
algae Ralfsia sp(p ). (2 percent), the limpet Lottia digitalis (19/0.1875 m2), and the limpet Lottia 
limatula (2/0.1875 m2). Taxa at their lowest abundance were the fleshy red alga Iridaea 
splendens (3 percent), the tufted green alga Cladophora columbiana (2 percent), and the kelp 
Egregia menziesii (1 percent). Total limpet density reached its highest fall level in 1988 
(152/0.1875 m2) and gradually declined in subsequent surveys, reaching 64 in fall1992. 
In addition to the change in mussel cover discussed above, several other large changes in taxa 
abundances occurred between the last two fall surveys (Table A-20). In particular, the kelp 
Egregia menziesii decreased from 21 to 1 percent cover, the fleshy red alga Iridaea splendens 
decreased from 18 to 3 percent cover, and the tufted green alga Cladophora columbiana 
decreased from 13 to 2 percent cover. However, unlike in the spring-cleared plots, total coralline 
algal cover did not change from 1989 (54 percent) to 1992 (53 percent). Coralline algal cover 
may not have declined with increasing mussel cover, as occurred in the control and spring-
cleared plots, because mussel cover was still very low (18 percent) in the fall-cleared plots. In 
addition, between fall1989 and fal11992, the density (no/0.1875 m2) of the limpet "Collisella" 
scabra decreased substantially (72 to 19). This was a greater drop than in the spring-cleared 
plots. In contrast, the density of the chiton Nuttallina califomica increased from 15 in fall 1989 
to 30 in fall 1992. 
Comparison of the Bray-Curtis index of similarity of the fall-cleared plots to the control plots 
indicated that the fall-cleared plots had not fully recovered after 7 years (Figure 6), and none of 
the individual plots were close to recovery (Table 4). Also, these plots had recovered much less 
than the spring-cleared plots discussed above. However, the plots had recovered by 42 percent, 
and were more similar to the control plots than in previous sampling periods, indicating that 
recovery was continuing. Another indication that these fall-cleared plots were recovering was 
the large increase in the density of mussels, from 55 in spring 1991 (Table A-5) to 126 in fall 
1992 (Table 7). 
Although total recovery time could not be determined, these plots appeared to be recovering very 
slowly. The recovery rates for these plots in spring 1991 (0.38 percent/month, Table A-5) and 
fall 1992 (0.50 percent/month, Table 7) were both very low. Also, these plots appeared to be 
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recovering slower than the spring-cleared plots. The recovery rate in fall 1992 (0.50 
percent/month, Table 7) was slightly lower than the recovery rate for the spring-cleared plots 
(0.75 percent/month). Also, the density of mussels in these plots (126) was much lower than in 
the spring-cleared plots (247). 
2. Endocladia/Mastocarpus Assemblage 
SynQPsjs 
As discussed below, in fall1992, the Endocladia/Mastocarpus assemblage was similar to what it 
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had been during the fall1989 survey, but both total macrophyte cover and total 1 
macroinvertebrate cover during these surveys were much lower than when the study began in L 
1985. Also, the abundances of several taxa had changed from previous surveys of this 
assemblage. : 
Control Plots 
In fall1992, a total of21 taxa was observed in the Endocladia control plots (Table 14). 
Although the numbers of macrophyte ( 12) and macroinvertebrate (9) taxa were not substantially 
different, total macrophyte cover was very high in these plots (125 percent), whereas total 
macroinvertebrate cover was very low (2 percent). 
The most abundant taxon based on cover was the tufted red alga Endocladia muricata, which 
covered half the substratum (50 percent, Table 14). In addition, the fleshy red alga Mastocarpus 
papillatus (24 percent) and the rockweeds Pelvetia-Pelvetiopsis sp(p). (21 percent) each covered 
a large portion of the plots. The rockweeds Pelvetia-Pelvetiopsis sp(p ). typically were overlaying 
the tufted red alga Endocladia muricata or the fleshy red alga Mastocarpus papillatus, but 
occasionally were overlaying rock or other taxa. Other common macrophyte taxa included the 
fleshy red alga Rhodoglossum affine (10 percent), the tufted green alga Cladophora columbiana 
(5 percent), and crustose corallines (5 percent). Less abundant were red crusts (3 percent) and 
the membranous green algae Ulva sp(p ). (3 percent). Rock accounted for a large amount of the 
substratum (24 percent), and bare rock accounted for a fairly large amount of the substratum (11 
percent) in these plots. 
Although macroinvertebrates only covered a small amount of the substratum, some motile 
macroinvertebrates were abundant based on density (Table 14). The most abundant motile 
macroinvertebrates were the littorine snails Littorina scutulata/plena (103/0.1875 m2), followed 
by several taxa oflimpets, including small Lottia sp(p). (15), "Collisella" scabra (13), and Lottia 
digitalis (4). Unidentified Polyplacophora (chitons) occurred at low densities (4). Total grazer 
density included 103 littorine snails, 321impets, 4 chitons, and 1 Tegula snail. 
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Table 14. Macropbyte, macroinvertebrate, and substratum abundances in 
tbe Endocladia/Mastocarpus assemblage control plots at Pescadero 
Rocks during fall 1992.1 
Taxon/Substratum 
Macrophytes - Cover (Percent) 
Endocladia muricata 
Mastocarpus papillatus 
Pelvetia-Pelvetiopsis sp(p). 
Rhodoglassum affine 
Cladophora columbiana 
Crustose corallines, unident. 
Red crusts 
Ulva sp(p). 
Gelidium coulteri 
Petrocelis sp(p). 
Brown crusts 
Chaetomorpha /inurn 
Total Macrophyte Cover 
Macroinvertebrates - Cover (Percent) 
Balanus glandula 
"Collisella • scabra 
Total Macroinvertebrate Cover 
Macroinvertebrates - Density (No./0.1875 m2) 
Littorina scutulata/plena 
Lottia sp(p). 
"Collisella • scabra 
Polyplacophora, unident. 
Lottia digitalis 
Tegula funebralis 
Lepidochitona dentiens 
Nucella emarginata 
Total Number of Macrophyte Taxa 
Total Number of Macroinvertebrate Taxa 
Total Number of All Taxa 
57 
Mean 
50.0 
23.9 
21.1 
10.0 
5.0 
5.0 
3.3 
2.8 
1.7 
1.1 
0.6 
0.6 
125.1 
1.7 
0.6 
2.3 
103.0 
14.6 
13.1 
4.2 
3.7 
0.7 
0.3 
0.3 
12 
9 
21 
Standard 
Deviation 
6.0 
9.2 
11.3 
7.6 
3.3 
6.0 
5.8 
1.9 
2.9 
1.0 
1.0 
1.0 
2.9 
1.0 
176.7 
15.7 
15.7 
7.2 
3.8 
1.2 
0.6 
0.6 
Table 14. Macropbyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocmpus assemblage control plots at Pescadero 
Rocks during fall1992 1 (continued). 
Taxon/Substratum 
Substrata - Cover (Percent) 
Rock 
Bare rock 
Mean 
24.4 
10.6 
Standard 
Deviation 
8.4 
5.1 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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For all fall sampling periods combined, a grand total of 21 macrophyte and 17 macroinvertebrate 
taxa was observed in the Endocladia/Mastocarpus control plots at Pescadero Rocks (Table A-
21 ). Comparison of these Endocladia/Mastocarpus plots from 1985-1992 indicated that in fall 
1992 species richness (21) was similar to that in previous fall surveys (range 21 - 25), but slightly 
down from 1989 (24) and slightly up from spring 1991 (20, Table A-22). In contrast, between 
fall 1985 and fall1992, large declines were observed for both total macrophyte cover (198 to 125 
percent, Table A-21) and total macroinvertebrate cover (12 to 2 percent). 
Also, the abundances of many taxa had substantially changed from what had been observed 
during fall surveys from 1985-1989 (Table A-21). The tufted red alga Endocladia muricata 
consistently had the highest cover in the control plots over time, but it ranged from 48 to 73 
percent. The fleshy red alga Mastocarpus papillatus was consistently the next most abundant 
taxon, ranging from 24 to 53 percent, and was at its lowest cover in fall1992 (24 percent). The 
rockweeds Pelvetia/Pelvetiopsis (21 percent), the littorine snails Littorina scutulata/plena 
(103/0.1875 m2), and unidentified Polyplacophora (chitons) (4/0.1875 m2) were at their highest 
abundance in fall 1992. 
Changes in the amount of substratum also were observed between 1985 and 1992 (Table A-21). 
Rock declined overall from 42 percent to 24 percent, and shell debris declined overall from 13 to 
0 percent. In contrast, bare rock increased from 1 percent to 11 percent between 1985 and 1992. 
However, comparison of the Endocladia/Mastocarpus control plots from 1985 to 1992, using the 
Bray-Curti~ index of similarity, indicated that in fall 1992 the control plots were about as similar 
to one another as they had been in most previous surveys (Figure 7). 
Comparison of the last two fall surveys, in 1989 and 1992, indicated that the abundances of most 
taxa were similar (Table A-21 ). In particular, cover of the tufted red alga Endocladia muricata 
was 54 percent in 1989 and 50 percent in 1992. Also, cover of the fleshy red algaMastocarpus 
papillatus was 29 percent in 1989 and 24 percent in 1992. However, the density (no./0.1875 m2) 
of the limpet "Collisella" scabra substantially declined in 1992, whereas the density of the 
littorine snails Littorina scutulata/plena substantially increased. Specifically, the density of the 
limpet "Collisella" scabra was one-third as high in 1992 (13) as in 1989 (47), and the density of 
the littorine snails Littorina scutulata/plena was almost twice as high in 1992 (103) as in 1989 
(57). 
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D. Point Sierra Nevada 
1. Mytilus Assemblage 
Synopsis 
As of fall 1992, 7 to 7Y• years after the initial clearings, total mussel cover remained below 20 
percent at Point Sierra Nevada. The spring-cleared plots had recovered 55 percent, and the fall-
cleared plots had recovered 67 percent (Table 4). However, the plots were more similar to the 
control plots than in previous sampling periods, which indicates that recovery was continuing 
(Figure 8). 
Control Plots 
Overall, 10 macrophyte taxa and 21 macroinvertebrate taxa were observed at Point Sierra Nevada 
in the fall1992 sampling period, resulting in a species richness (total number of taxa) of 31 
(Table 15). Total macroinvertebrate cover (78 percent) was more than twice total macrophyte 
cover (35 percent). 
Mussels (Mytilus califomianus) predominated in the control plots in fall1992, covering nearly 
two-thirds of the substratum (62 percent) (Table 15). Mussels in the control plots appeared to be 
relatively uniform in size, and mean length was visually estimated to be roughly 6-7 em. 
The next most abundant macroorganisms were articulated coralline algae, including Bossiella 
plumosa (12 percent) and Corallina vancouveriensis (10 percent), and unidentified crustose 
corallines (6 percent). The barnacles Pollicipes polymerus (6 percent) and Balanus glandula (3 
percent) were the next most abundant macroinvertebrate taxa. Bare rock accounted for 6 percent, 
and rock for 2 percent of the substratum in the control plots. 
Other than the coralline algae listed above, macrophytes contributed little to the total cover in the 
Mytilus control plots (7 percent overall). The taxa observed included the filamentous red alga 
Polysiphonia hendryi, the fleshy red alga Rhodoglossum affine, the crustose red algae Petrocelis 
sp(p)., the articulated coralline alga Corallina officinalis, the crustose brown algae 
Cylindrocarpus rugosus and Ralfsia sp(p )., and green algae (GATGOR). 
Limpets predominated numerically among the motile macroinvertebrates (Table 15). The most 
abundant limpet taxa (in terms of density expressed as no./0.1875 m2) were Lottia pelta (25), 
Lottia digitalis (23), Lottia paradigitalis (22), "Collisella" scabra (21), and small Lottia sp(p). 
(13). The littorine snails Littorina scutulatalplena and Littorina keenae (6) and the chiton 
Nuttallina califomica (3) were the next most abundant grazers. Total grazer density included 
104 limpets, 6 littorine snails, 3 chitons, and 1 sea urchin. 
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0 Table 15. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control plots at Point Sierra Nevada 
during fall1992. 1 
0 Standard 
Taxon/Substratum Mean Deviation 
0 Macrophytes - Cover (Percent) 
0 Bossie/la plumosa 11.7 10.0 Corallina vancouveriensis 10.0 10.1 
Crustose corallines, unident. 6.1 7.9 
0 Polysiplwnia hendryi 1.7 2.9 Rhodoglossum affine 1.7 1.7 
Cylindrocarpus rugosus 1.1 1.9 
0 Corallina officina/is 0.6 1.0 GATGOR 0.6 1.0 Petrocelis sp(p). 0.6 1.0 
Ralfsia sp(p). 0.6 1.0 
0 Total Macrophyte Cover 34.7 
0 Macroinvertebrates - Cover (Percent) Mytilus califomianus 62.2 6.9 
Pollicipes polymerus 6.1 3.5 
0 Balunus glandula 3.3 4.4 Chtlwmalus sp(p ). 1.1 1.9 
Lottia paradigitalis 1.1 1.0 
0 Antlwpleura elegantissima 0.6 1.0 Lottia gigantea 0.6 1.0 
Lottia pella 0.6 1.0 
0 Nuttallina califomica 0.6 1.0 Phragmatopoma califomica 0.6 1.0 Strongylocentrotus purpuratus 0.6 1.0 
Tetraclita rubescens 0.6 1.0 
0 Total Macroinvertebrate Cover 78.0 
0 Macroinvertebrates - Density (No./0.1875 m2) Lottia pella 24.8 12.0 
0 Lottia digitalis 22.8 9.9 Lottia paradigitalis 21.9 32.8 
• Collis ella • scabra 20.6 14.2 
Lottia sp(p ). 12.5 10.8 
0 Littorina scutulatalplena 4.8 4.2 Nuttallina califomica 3.0 3.0 
littorina keenae 1.3 2.3 
0 Strongylacentrotus purpuratus 1.3 2.3 
63 
0 
0 
Table 15. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Point Sierra Nevada 
during fall1992 1 (continued). 
Standard 
Taxon/Substratum Mean Deviation 
Macroinvertebrates - Density (No./0.1875 m2) 
Nucella emarginata 0.7 1.2 
Lottia limatula 0.3 0.6 
Ocenebra circumlexta 0.3 0.6 
Tegula junebralis 0.3 0.6 
Total Number ofMacrophyte Taxa 10 
Total Number of Macroinvertebrate Taxa 21 
Total Number of All Taxa 31 
Substratum- Cover (Percent) 
Bare rock 6.1 3.5 
Rock 2.2 1.0 
Shell debris 1.7 2.9 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked 
according to the means, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. 
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Species richness observed in the Mytilus control plots generally has increased over the course of 
the study, from a low of 19 taxa in fall1986 to a peak of 31 in fall1992 (Table A-23). 
Macroinvertebrate taxa accounted for most of this increase; 21 macroinvertebrate taxa were 
observed in 1992, compared to the 11-16 taxa observed during the fall surveys from 1985-1989 
(Table A-23) and during the spring 1991 survey (Table A-24). The 10 macrophyte taxa observed 
fell within the range observed during previous surveys (6-13). In all, 46 different taxa, including 
25 macroinvertebrates and 21 macrophytes, were identified during fall surveys. 
Comparison of the results of the fall surveys conducted from 1985 through 1992 (Table A-23) 
and of the survey conducted in spring 1991 (Table A-24) indicated that cover was similar 
between years, except for a temporary increase in mussel cover to 93 percent in 1988 and a 
substantial decline to 62 percent observed between spring 1991 and fall 1992. This decline was 
also reflected in a decrease in total macroinvertebrate cover from 93 to 78 percent over this latter 
period. There is some evidence that this decrease may be at least partly due to predation by the 
seastar, Pisaster ochraceus. Two large Pisaster were present in one of the control plots in fall 
1992. The mussels present in this plot were distributed in irregular clumps separated by swathes 
measuring 10-20 em in width. A similar pattern was observed in the other control plots. 
Lesser declines were also observed for barnacles and overall limpet densities. The decline in 
barnacle abundance (from 21 percent in 1985 to 11 percent in 1992) may have been related to the 
decrease in mussels, which serve as attachment points for these sessile macroinvertebrates. The 
limpet decline is attributable mainly to one taxon, Lottia digitalis, whose observed density in fall 
1992 (23/0.1875 m2) (Table A-23) was half that observed in fall1989 (56) and in spring 1991 
(51) (Table A-24). 
In contrast to the decrease in macroinvertebrate cover, total macrophyte cover increased 
substantially between spring 1991 and fall1992, from 20 percent (Table A-24) to 35 percent 
(Table A-23). Most of this change was attributable to an overall increase in the abundance of 
coralline algae, which increased to 28 percent from a low of 2 percent observed in 1988. 
The Bray-Curtis index of similarity calculated for the Mytilus plots (Figure 8) shows that the 
plots were not as similar to each other as they had been in spring 1991, but were within the range 
of similarity recorded in previous years. The least similar control plots had a similarity of 61 
percent to one another (Table 4). 
Spring-Cleared Plots 
In fall1992, 15 macrophyte taxa and 14 macroinvertebrate taxa were observed at Point Sierra 
Nevada, for a total (species richness) of29 taxa (Table 16). Total macrophyte cover was 80 
percent in fall 1992; total macroinvertebrate cover was substantially lower at 22 percent. 
The predominant macroinvertebrate taxon in the spring-cleared plots in fall 1992 was Mytilus 
califomianus (12 percent) (Table 16). Two distinct size classes of mussels appeared to be 
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Table 16. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage I 
cleared plots at Point Sierra Nevada during falll992. 1 L 
Spring-Cleared Fall-Cleared r I 
Taxon/Substratum Mean S.D.' Mean S.D. L 
r 
Macrophytes - Cover (Percent) L 
Bossie/la plumosa 30.0 19.2 15.6 10.6 r Cladophora columbiana 18.9 27.0 9.4 14.9 
Ulva sp(p). 6.1 3.5 L 
Egregia menziesii 5.0 5.0 
Analipus japonicus 2.8 1.9 1.1 1.9 r I, 
Cy/indrocarpus rugosus 2.8 1.9 14.4 13.6 L 
Endoclatlia muricata 2.8 2.6 3.9 6.7 
Mastocarpus papillatus 2.8 4.8 0.6 1.0 r 
' Iridaea splendens 2.2 3.9 ' 
Ralfsia sp(p). 1.7 1.7 0.6 1.0 L 
Rhodoglossum affine 1.7 1.7 0.6 1.0 
Coral/ina vancouveriensis 1.1 1.0 1.1 1.0 r L Pelvetia-Pe/vetiopsis sp(p). 1.1 1.9 
Crustose corallines, unident. 0.6 1.0 4.4 7.7 
Polysiphonia hendryi 0.6 1.0 r 
Petroce/is sp(p). 0.6 1.0 L 
Total Macrophyte Cover 80.2 52.3 
Macroinvertebrates - Cover (Percent) L 
Myti/us califomianus 12.2 11.3 17.8 21.1 I 
' Nuttallina califomica 2.8 3.5 1.1 1.9 ' L 
Balanus glandula 2.2 1.9 0.6 1.0 
Pollicipes polymerus 1.7 1.7 0.6 1.0 r I 
"Col/isella" scabra 1.1 1.0 1.1 1.9 L 
Tetraclita ruhescens 1.1 1.9 1.1 1.9 
Chthomalus sp(p ). 0.6 1.0 : 
Lottia digitalis 0.6 1.0 1.1 1.0 
Littorina scutulatalplena 1.1 1.9 L 
Lottia paradigitalis 1.1 1.0 
Lottia pelta 0.6 1.0 r 
Phragmatopoma califomica 0.6 1.0 L 
Total Macroinvertebrate Cover 22.3 26.8 r 
I 
Macroinvertebrates - Density (No./0.1875 m') L 
Lottia sp(p ). 125.0 146.4 108.3 68.8 ! 
"Col/isella" scabra 23.3 11.2 25.6 22.0 L 
Littorina scutu/atalplena 19.0 27.1 24.7 42.7 
Lottia digitalis 17.9 4.9 21.3 25.2 I 
L 
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Table 16. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Point Sierra Nevada during fall 1992 1 (continued). 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.2 Mean S.D. 
Macroinvertebrates- Density (No./0.1875 m2) 
Loniapelta 16.0 14.7 39.6 19.1 
Lottia paradigitalis 10.8 3.9 14.3 12.9 
Nuttallina califomica 9.0 7.0 9.3 9.1 
Littorina keenae 4.0 6.1 
Nucella emarginata 0.3 0.6 0.3 0.6 
Strongylocemrotus purpuratus 0.3 0.6 
Total Number of Macrophyte Taxa 15 11 
Total Number of Macroinvertebrate Taxa 14 14 
Total Number of All Taxa 29 25 
Substrata - Cover (Percent) 
Bare Rock 18.3 7.3 30.6 16.7 
Rock 2.8 1.0 1.1 1.9 
Shell debris 1.1 1.0 
1 Data are means of three plots (n=3). Taxa and substrata within each category are ranked according to the means in the spring-
cleared plots, then listed alphabetically if the means are equal. Toral percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(-) indicates the taxonlsubsttatum. was not recorded in the plots indicated. 
2 
·s.D. = Standard Deviation. 
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present in the spring-cleared (and fall-cleared) plots. The larger mussels measured roughly 6 em 
or more in length, which was approximately the mean mussel size estimated for the control 
plots. These mussels probably encroached into the plot from the surrounding, undisturbed 
mussel beds. None of the aggregations extended more than about 25 em (the width of the 
unsampled border) into a plot and, thus, had not been sampled as offall1992. 
The smaller mussels (measuring approximately 2-3 em in length) were distributed throughout the 
plots in isolated clumps where they had apparently settled as larvae. It was noted that these 
aggregations occupied the lowest spots within a plot. 
The most abundant macroorganisms in the plots were coralline algae, which accounted for nearly 
one-third of the total substratum cover (Table 16). Most of this was due to a single taxon, the 
articulated coralline alga Bossiella plumosa (30 percent). The tufted green alga Cladophora 
columbiana was the second most abundant taxon (19 percent). Bare rock accounted for 18 
percent. Two macrophyte taxa, the membranous green algae Ulva sp(p). (6 percent) and the kelp 
Egregia menziesii (5 percent), were the next most abundant macroorganisms. 
A number of brown and red algal taxa were observed in the spring-cleared plots in fall 1992 in 
addition to those discussed above. These taxa together accounted for 19 percent of the total 
substratum cover and included the branched brown alga Analipus japonicus (3 percent), the 
crustose brown algae Cylindrocarpus rugosus (3 percent) and Ralfsia sp(p). (2 percent), the 
tufted red alga Endocladia muricata (3 percent), and the fleshy red algae Mastocarpus papillatus 
(3 percent), Rhodoglossum affine (2 percent), and Iridaea splendens (2 percent). The rockweeds 
Pelvetia-Pelvetiopsis sp(p ). and the filamentous red alga Polysiphonia hendryi were also 
observed. Taken together, barnacles (Balanus glandula, Chthamalus sp(p)., Pollicipes 
polymerus, and Tetraclita rubescens) composed 5 percent of the total substratum cover. Rock 
accounted for 3 percent. 
As in the Mytilus control plots, limpets were quite abundant (Table 16). Small Lottia sp(p ). were 
by far the most abundant, with an observed density of 125 per 0.1875 m2• Identified limpet taxa 
included "Collisella" scabra (23), Lottia digitalis (18), Lottia pelta (16), and Lottia paradigitalis 
(11). The littorine snails Littorina scutulatalplena (19) and Littorina keenae (4) and the chiton 
Nuttallina califomica (9) were the next most abundant macroinvertebrate taxa. Total grazer 
density included 193 limpets, 23 littorine snails, and 9 chitons. 
Although species richness observed in the spring-cleared plots on fall surveys peaked in 1992 
with 29 taxa (Table A-25), there has been substantial year-to-year variation since 1985 (with a 
range of 19-29 taxa) and no clear patterns in the numbers of either macrophyte or 
macroinvertebrate taxa have emerged. The total taxa observed during the most recent survey, in 
spring 1991, also fell within this range (24) (Table A-26). Overall, 43 different taxa, including 
22 macroinvertebrates and 21 macrophytes, were identified during fall surveys. 
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The results of the falll992 survey indicated that mussel abundance (recorded as percent cover) 
in the spring-cleared plots had increased in comparison with the previous fall surveys (range 0-8 
percent) (Table A-25) and the spring 1991 survey (4 percent) (Table A-26), although it was still 
very low in comparison to the control plots. Mytilus was the most abundant macroinvertebrate 
taxon in the spring-cleared plots in both fall 1989 and fall 1992 (but not in spring 1991 ). Total 
macroinvertebrate cover fluctuated between 8 and 24 percent over the entire survey period. 
Although macrophyte abundances in the plots have fluctuated, few clear patterns in abundance 
were discemable. Certain taxa, such as the tufted green alga Cladophora columbiana (6-19 
percent), which tend to have a patchy distribution, appeared to vary in abundance throughout the 
study. However, this apparent variation may have been due to the sampling method, since the 
same quadrats were not sampled each sampling period. Cover of the articulated coralline alga 
Bossiella plumosa has remained high relative to other macrophyte taxa (20-30 percent) since fall 
1987. Only one macroinvertebrate, the limpet Lottia digitalis, apparently has declined 
substantially in abundance: the density of this taxon dropped by more than 80 percent between 
fall1989 and falll992 (from 97 to 18/0.1875 m2). 
The mean recovery rate for the Mytilus assemblage in the spring-cleared plots remained very low, 
but reached 0.60 percent per month in fall 1992 (Table 7), a slight increase over the 0.43 percent 
per.month observed as of spring 1991 (Table A-5). Mussel density in the sampled plots 
(107/0.1875 m2) was substantially higher than in spring 1991 (62). Based on the Bray-Curtis 
index (Figure 8), similarity of the Mytilus assemblage in the spring-cleared plots to the control 
plots at Point Sierra Nevada also is increasing. The cleared plots can now be considered to be 55 
percent recovered (Table 4). However, the increased similarity between the Mytilus control plots 
and spring-cleared plots was probably due at least partially to the recent decline observed in 
mussel abundance in the control plots (discussed above), and recovery of the assemblage is 
probably still years away. 
Fall-Cleared Plots 
Overall, 11 macrophyte taxa and 14 macroinvertebrate taxa were observed at Point Sierra Nevada 
in fall1992, for a species richness (total taxa) of25 (Table 16). As was the case for the spring-
cleared plots, total macrophyte cover in the fall-cleared plots in fall 1992 (52 percent) was 
substantially greater than total rnacroinvertebrate cover (27 percent). 
The most abundant rnacroorganisms in the fall-cleared plots were mussels (18 percent) (Table 
16). The two mussel size classes described above for the spring-cleared plots were also observed 
in the fall-cleared plots. No other macroinvertebrate taxon accounted for more than I percent of 
cover. 
Bare rock accounted for a large part of the total substratum in the fall-cleared plots (31 percent). 
Next in order of abundance were several macrophyte taxa: the articulated coralline alga Bossiella 
plumosa (16 percent), the crustose brown alga Cylindrocarpus rugosus (14 percent), the tufted 
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green alga Cladophora columbiana (9 percent), unidentified crustose corallines (4 percent), and 
the tufted red alga Endocladia muricata ( 4 percent). 
In addition to the macrophytes discussed above, five brown and red algal taxa were observed in 
the fall-cleared plots. Together, they accounted for only 4 percent of the total substratum cover. 
They included the branched brown alga Analipus japonicus, the articulated coralline alga 
Corollina vancouveriensis, the crustose red algae Petrocelis sp(p )., the crustose brown algae 
Ralfsia sp(p)., and the fleshy red alga Rhodoglossum affine. 
As in the spring-cleared plots, observed densities oflimpets were quite high (Table 16). Small 
Lottia sp(p). were again the most abundant taxon (108/0.1875 m2); identified limpet taxa 
included Lottia pelta (40), "Collisella" scabra (26), Lottia digitalis (21), and Lottia paradigitalis 
( 14 ). Densities of the littorine snails Littorina scutulata/plena (25) and the chiton Nuttallina 
califomica (9) were close to those observed in spring-cleared plots. Total grazer density 
included 209 limpets, 25 littorine snails, and 9 chitons. 
Species richness in the fall-cleared plots has fluctuated over the course of the study (Table A-27). 
The total of 25 taxa observed in fall 1992 was within the range observed for the fall 1986 to fall 
1989 sampling periods (20-33), but was higher than the 19 taxa observed in the spring 1991 
sampling period (Table A-26). In total, 44 different taxa, including 22 macroinvertebrates and 22 
macrophytes, were identified in the fall-cleared plots during fall surveys. 
Comparison of all the fall surveys conducted from 1986 through 1992 and the spring 1991 survey 
indicated that mussel abundance (in terms of percent cover) in the fall-cleared plots was 
increasing steadily (range 0-18 percent) (Table A-27; Table A-26); mussel abundance in fall 
1992 was roughly two-thirds of that observed in the control plots (62 percent) (Table 15). The 
spring 1991 sampling period was the first in which mussels were the most abundant 
macroinvertebrates, as well as the most abundant macroorganisms overall. Total 
macroinvertebrate cover increased from less than 1 percent to 27 percent over all sampling · 
periods (Table A-27). 
Macrophyte abundances fluctuated over the 7-year sampling period (Table A-27). Although total 
macrophyte cover decreased after reaching a peak in 1987 (from 149 down to 52 percent), no 
substantial changes were observed in fall 1992. The articulated coralline alga Bossie/la plumosa, 
although the predominant macrophyte at 16 percent of substratum cover, seems to have been 
declining steadily in abundance since fall1987 (when it accounted for 58 percent) as mussel 
abundance increased. Limpet densities have also fluctuated (between 82 and 351/0.1875 m2) 
overall without demonstrating a clear pattern. 
The mean recovery rate for the Mytilus assemblage in the fall-cleared plots remained very low, 
but reached 0.77 percent per month in 1992 (Table 7), a small increase over the 0.47 percent per 
month observed in spring 1991 (Table A-5) and slightly higher than the 0.60 percent per month 
observed in the spring-cleared plots in 1992. Mussel density in the sampled plots in fall 1992 
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(177/0.1875 m2) represented a more than twofold increase over the density observed in spring 
1991 (74). As shown in Figure 8, which depicts Mytilus assemblage recovery in terms ofthe 
Bray-Curtis index of similarity, recovery of the Mytilus assemblage in the fall-cleared plots at 
Point Sierra Nevada was continuing and appeared to be occurring somewhat more rapidly than in 
the spring-cleared plots. The fall-cleared plots can be considered to be about 67 percent 
recovered (Table 4). 
However, as discussed for the spring-cleared plots, the increased similarity between the Mytilus 
control plots and fall-cleared plots was probably due at least partially to the recent decline 
observed in mussel abundance in the control plots. As discussed above, it is suspected that this 
decrease may be at least partly due to predation by the seastar, Pisaster ochraceus. 
2. Endocladia/Mastocarpus Assemblage 
Syno.psjs 
As discussed below, the Endocladia/Mastocarpus control plots have remained relatively barren 
throughout the study, with bare rock accounting for roughly 50 percent of total area. Total 
macrophyte cover has fluctuated between about 60 and 35 percent. 
Control Plots 
In fall 1992, species richness was low in the Endocladia/Mastocarpus control sites; only eight 
taxa (2 macrophytes and 6 macroinvertebrates) were identified (Table 17). Total macrophyte 
cover was quite low in fall 1992 (35 percent), and total macroinvertebrate cover was even lower 
(16 percent). 
Bare rock accounted for 52 percent, or more than one-half of the unoccupied area, in the control 
plots in fall1992, and rock composed another 18 percent (Table 17). In general, the plots 
appeared to be extremely desiccated. The tufted red alga Endocladia muricata predominated, 
covering one-third (32 percent) of the substratum area. Next in abundance were two 
macroinvertebrate taxa, the barnacles Chthamalus sp(p). (8 percent) and the littorine snails 
Littorina scutulatalplena (6 percent). The fleshy red alga Mastocarpus papillatus contributed 
only 3 percent to total cover. Endocladia and Mastocarpus were the only macrophyte taxa 
observed in the control plots in fall 1992. 
The littorine snails Littorina scutulatalplena were by far the most abundant motile 
macroinvertebrate taxa in the control plots, with an observed density of 683 per 0.1875 m2• 
Littorina keenae also occurred, but at a much lower density (2). The snail Tegulafunebralis and 
one limpet taxon, Lottia paradigitalis, were the only other macroinvertebrate taxa observed. 
Total grazer density included 685 littorine snails and 1 Tegula snail. 
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Table 17. Macrophyte, macroinvertebrate, and substratum abundances in r ' I
the Endocladia!Mastocarpus assemblage control plots at Point L 
Sierra Nevada during fall 1992.1 
r 
Standard I L 
Taxon/Substratum Mean Deviation 
r 
I 
Macrophytes - Cover (Percent) L 
Endocladia muricata 32.2 26.9 r 
Mastocarpus papi/latus 2.8 4.8 l 
Total Macrophyte Cover 35.0 r 
L 
Macroinvertebrates - Cover (Percent) 
Chtlulmalus sp(p). 7.8 13.5 r 
Liuorina scutulata!plena 6.1 4.8 L 
Linorina keenae 1.1 1.9 
Pagurus sp(p). 0.6 1.0 r 
l 
Total Macroinvertebrate Cover 15.6 
r 
Macroinvertebrates- Density (No./0.1875 m1) l 
Linorina scutulata!plena 683.4 504.1 
' LiUorina keenae 2.0 2.7 i 
Tegula funebralis 1.3 2.3 l 
Lottia paradigitalis 0.3 0.6 
r 
Total Number of Macropbyte Taxa 2 I L 
Total Number of Macroinvertebrate Taxa 6 
' !
i 
Total Number of All Taxa 8 l 
Substrata - Cover (Percent) 
L 
Bare rock 51.7 25.0 
Rock 18.3 16.1 [ 
1 Data are meam of three ploiS (n=3). Taxa and substrata within each category are ranked 
l according to the means, then listed alphabetically if the means are equal. Total percent cover can exceed tOO percent because multiple layers were sampled. 
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There was relatively little change in the species richness observed at this site during fall surveys 
from 1985 through 1992; totals fluctuated between 5 and 12 taxa, with greatest variation being 
observed in the numbers of macroinvertebrate taxa (range 2-9) (Table A-28). The total observed 
in spring 1991 was slightly higher (13) (Table A-29). Overall, 21 different taxa, including 14 
macroinvertebrates and 7 macrophytes, were identified during fall surveys. 
Comparison of the results of the fall surveys conducted from 1985 through 1992 (Table A-28) 
and of the spring 1991 survey (Table A-29) yielded few clear patterns, either in the percent of the 
substratum covered by various taxa or in macroinvertebrate densities. Total macroinvertebrate 
cover fluctuated between 6 and 16 percent during the overall sampling period. Although total 
macrophyte cover at Point Sierra Nevada exhibited the greatest drop from 1985 to 1992 observed 
at any of the sites (from 66 down to 35 percent), macrophyte cover at this site actually appears to 
have fluctuated annually between about 60 and 35 percent. The tufted red alga Endocladia 
muricata has predominated in the control plots throughout the study, but total substratum 
covered by this taxon has remained below 50 percent since the first survey in fall 1985 (range 23-
48 percent). Abundance of the fleshy red alga Mastocarpus papillatus appears to have fluctuated 
in approximately 2-year cycles, with peaks at 15-18 percent of substratum cover and lows at 2-3 
percent. 
The density of the Iittorine snails Littorina scutulatalplena and Littorina keenae observed in fall 
1992 (685/0.1875 m2) was approximately twice that offalll989 (348) (Table A-28) and spring 
1991 (320) (Table A-29). At Point Sierra Nevada, Iittorine snail densities in the control plots 
have fluctuated greatly over time on an apparently seasonal basis, with highest densities generally 
being observed during the fall. The barnacles Chthamalus sp(p ). appear to have grown or 
colonized the plots: the area covered rose from less than 1 percent to 8 percent between fall 1989 
and fall1992. 
As shown in Figure 9, which depicts Endocladia/Mastocarpus assemblage plot recovery in terms 
of the Bray-Curtis index of similarity, the degree of similarity among the control plots in 1992 
remained within the range observed during previous years, but there has been a trend toward 
decreasing similarity among the plots since 1988. This may be related to the somewhat 
depauperate condition of some of these plots during recent years. 
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Figure 9. Similarity of the control plots in the Endocladia/Mastocarpus assemblage at Point Sierra Nevada.1 
1 Similarity was determined using the Bray-Curtis index of similarity. The shaded area is the range of similarity among the control plots for each sampling 
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IV. DISCUSSION 
A. Comparison of the Mytilus Assemblage at the Four Study Sites 
Svno.psjs 
The Mytilus califomianus assemblage is known to take considerable time to recover following 
disturbance to areas that are generally larger than 0.01 m2 (e.g., Hewatt, 1935; Castenholz, 1967; 
Cimberg, 1975; Paine and Levin, 1981; Kinnetic Laboratories, Inc., 1992). The results from fall 
1992 show that after 7\lz years, none of the Mytilus assemblage plots that were cleared by 
Kinnetic Laboratories, Inc. (1992) have shown complete recovery (see discussion under Spring-
and Fall-Cleared Plots, below). This was based on a comparison of the Bray-Curtis index of 
similarity between cleared and control plots at each of the four study sites (Figures 2, 4, 6, and 8). 
Since the last assessment of these plots by Kinnetic Laboratories, Inc. (1992), in the spring of 
1991, there has been a gradual increase in recovery (similarity) at all sites. However, the increase 
was small and it occurred very slowly (Table 7). The spring-cleared plots have recovered from 
39 percent at Kibesillah Hill to 68 percent at Pescadero Rocks (Table 4). The fall-cleared plots 
have recovered from 34 percent at Sea Ranch to 67 percent at Point Sierra Nevada. 
Control Plots 
Mussels typically cover vast expanses of rocky intertidal features in central and northern 
California, although the distribution at a particular site may be patchy (Ricketts et ·al., 1985). The 
Mytilus assemblage is known to be extremely rich (Kanter, 1980) and often is multilayered 
(Kanter, 1976, 1980; Straughan and Kanter, 1978). The results from the fall 1992 study showed 
that the mussel Mytilus califomianus was by far the most abundant (percent cover) taxon in the 
Mytilus control plots at all study sites (Table 18). Mytilus covered almost all (99 percent) of the 
available rocky surface at Kibesillah Hill, the northernmost site, while at Point Sierra Nevada, the 
southernmost site, it covered only 62 percent of the substratum. 
The Mytilus assemblage at Kibesillah Hill was characterized by large, densely aggregated, and 
multilayered mussels with numerous macroinvertebrates and macrophytes attached to them. This 
multilayered assemblage exhibited the highest total biotic cover (153 percent) of all the sites 
(Table 19). At the other sites, multilayering existed, but to a lesser degree. The mussels were 
smaller and less densely aggregated, and total biotic cover was somewhat reduced in comparison 
to Kibesillah Hill: Pescadero Rocks (132 percent), Sea Ranch (129 percent), and Point Sierra 
Nevada (113 percent). The vast majority of the total biotic cover at all sites was from 
macroinvertebrates (range 78 - 130 percent). 
The Mytilus assemblage at Point Sierra Nevada supported the greatest species richness of all the 
sites, with a total of 31 taxa observed during the fall 1992 sampling period (Table 19). 
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Table 18. The more abundant ( > 2 percent cover) taxa in the Mytilus assemblage control plots at the four 
study sites during fall 1992.1 
Kibesillah Sea Pescadero Point Sierra 
Taxon Hill Ranch Rocks Nevada 
Mytilus califomianus 98.9 93.3 80.6 62.2 
Chlhamalus sp(p). 13.3 8.9 4.4 <2.0 
Endoc!IJllia muricata 12.2 5.6 <2.0 
Amhapleura elegantissima 10.6 <2.0 
Mastocarpus papillatus 10.6 
Balanus glandula 5.0 8.9 16.7 3.3 
Pollicipes polymerus 6.1 6.1 6.1 
Tetraclita rubescens 16.1 <2.0 
GATGOR 2.8 <2.0 
Bossie/la plumosa 11.7 
Coral/ina vancouveriensis 10.0 
Crustose corallines, unid. <2.0 6.1 
1 Data are means of three plots (n = 3). Taxa are ranked according to means at Kibesillah Hill, then listed alphabetically if the means are 
equal at that site. A dash(-) indicates the taxon was not recorded at that site. 
Table 19. Species richness, biotic cover, and substratum abundance in the Mytilus assemblage control plots 
at the four study sites during fall 1992.1 
Kibesillah Sea Pescadero Point Sierra 
Category Hill Ranch Rocks Nevada 
Species Richness (No. of Taxa) 
Total No. of Macrophytes 2 3 4 10 
Total No. of Macroinvertebrates 12 11 13 21 
Total No. of Taxa 14 14 17 31 
Cover (Percent) 
Total Macrophyte Cover 22.8 7.9 5.7 34.7 
Total Macroinvertebrate Cover 130.1 121.1 126.1 78.0 
Total Biotic Cover 152.9 129.0 131.8 112.7 
Bare Rock <2.0 6.1 
Rock <2.0 3.3 2.2 
Shell Debris 1.7 <2.0 1.7 
1 Cover data for biota and substtanun are means of three plots (n = 3). Total percent cover can exceed 100 percent because multiple layers 
were sampled. A dash(-) indicates the substranun was not recorded at that site. 
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Macroinvertebrates contributed 21 taxa and macrophytes contributed 10 taxa to this total. 
Species richness at the other sites was about one-half of that measured at Point Sierra Nevada, 
ranging from 14 to 17 taxa. The total number of macrophyte taxa (2 to 4) at these sites was less 
than half of that measured at Point Sierra Nevada. The total number of macroinvertebrate taxa at 
these sites (11 to 13 taxa) was just over half that measured at Point Sierra Nevada. 
The higher species richness (Table 19) at Point Sierra Nevada may be attributed to the low 
abundance of Mytilus--only 62 percent of the substratum was covered by mussels (Table 18). 
The absence of mussels in over one-third of the plot would provide more available area to be 
occupied by other taxa (see Paine, 1974). It is likely that the plots have been disturbed at some 
point by predation by the seastar Pisaster, crabs, or shorebirds, by storm and/or wave-related 
damage, or by human effects (harvesting, trampling), and they appeared to be at an earlier 
successional stage than the control plots at other sites. Although the plots at the other study sites 
may have been subject to similar disturbances, mussel cover remained high (range 81 to 99 
percent). 
In contrast to macroinvertebrates, macrophytes were not as abundant in the mussel dominated 
assemblage (Table 19). Total macrophyte abundance was greatest (35 percent cover) at the site 
with the highest species diversity, Point Sierra Nevada, where macrophytes were attached to both 
the mussels, and the relatively abundant primary substratum. The next greatest total macrophyte 
cover (23 percent) was at the Kibesillah Hill site, where macrophytes were often observed 
attached to mussels. Macrophyte cover was much lower at Sea Ranch (8 percent) and Pescadero 
Rocks (6 percent). 
Other than Mytilus, the barnacle Balanus glandula was the only macroinvertebrate that had cover 
greater than 2 percent at all of the sites (Table 18). Two other barnacle taxa were abundant at 
three of the four sites: Chthamalus sp(p )., with greater than 4 percent cover at all sites except 
Point Sierra Nevada; and Pollicipes polymerus, with 6 percent cover at all sites except Point 
Sierra Nevada. 
At Point Sierra Nevada, where Mytilus abundance was the lowest of all the sites (62 percent 
cover), coralline algae covered about 28 percent of the substratum in the Mytilus assemblage. 
Coralline algae included the articulated coralline algae Bossiella plumosa (12 percent) and 
Corallina vancouveriensis (10 percent) and crustose corallines (6 percent) (Table 18). None of 
these coralline algae were common (>2 percent cover) at any of the other sites. Although 
coralline algae were an important feature at Pescadero Rocks in earlier surveys, they steadily 
declined in cover as mussel cover increased (Table A-16). 
Although the barnacle Tetraclita rubescens (17 percent cover) and the green algae GATGOR (3 
percent) were among the more abundant sessile macroorganisrns at Pescadero Rocks, they were 
not sampled at any other site, except Point Sierra Nevada, where both taxa were present at 
minimal levels (<2 percent cover) (Table 18). Similarly, cover of the fleshy red alga 
Mastocarpus papillatus and the sea anemone Anthopleura elegantissima both were fairly high 
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( 11 percent) at the Kibesillah Hill site, but Mastocarpus was absent at the remaining sites, and 
Anthopleura was sampled at a very low level ( <2 percent cover) at one other site (Point Sierra 
Nevada). Cover of the tufted red alga Endocladia muricata was also fairly high at Kibesillah 
Hill (12 percent), with reduced cover at Sea Ranch (6 percent) and Pescadero Rocks (less than 2 
percent). This alga was not observed in the Mytilus control plots at Point Sierra Nevada. 
Limpets, the snail Tegulafunebralis, and littorine snails were the only common (greater than 
3/0.1875 m2) grazers at the four study sites (Table 20). However, the abundances showed 
marked differences at each site. Limpets were the· most abundant grazer at three sites, although 
their density varied greatly among sites. Sea Ranch had the greatest limpet density (209), 
followed by Point Sierra Nevada (103), l!lld Pescadero Rocks (67). The snail Tegula was 
abundant at Kibesillah Hill (28), but the only other observation of that taxon was at Point Sierra 
Nevada, where density was less than 3. Littorine snail density was higher at Kibesillah Hill (21) 
and Pescadero Rocks (19), than at Point Sierra Nevada (6) and Sea Ranch (less than 3). 
Table 20. The more abundant (>3/0.1875 m1) grazers in the Mytilus assemblage control plots at the four 
study sites during fall1992.1 
Taxon 
Tegulafunebralis 
Littorine snails 
Limpets 
Kibesillab 
Hill 
28.3 
21.4 
20.9 
Sea 
Rancb 
<3.0 
209.2 
Pescadero 
Rocks 
19.1 
67.2 
1 Data are means of t1uee plots (n = 3). Gnw:rs are tanked acconling to the means at Kibesillah Hill. A 
dash (-) indicates the grazer was not recorded at that site. 
Point Sierra 
Nevada 
<3.0 
6.1 
102.9 
Predatory snails were uncommon at the study sites, and only two taxa were observed: Nucella 
emarginata, with less than 3/0.1875 m2 at Kibesillah Hill (Table 5) and less than 1 at Point Sierra 
Nevada (Table 15); and Ocenebra circumtexta, with less than 1 at Point Sierra Nevada (Table 
15). Due to the structural complexity of the Mytilus assemblage, the sampling methodology most 
likely underestimated these small gastropods and other macroinvertebrates that were situated 
beneath and among the mussels. Indeed, Kanter (1980) took 1500-cm2 cores (five 300-cm2 
replicates) of mussel beds in the Southern California Bight and found that the mussel beds at Cat 
Rock on the south side of Anacapa Island supported 17 4 species of invertebrates and 15 algal 
species. A total of 610 faunal species and 141 species of algae were quantified from mussel beds 
at 20 study sites. 
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There have been several noticeable differences in the Mytilus assemblage among the study sites 
since the study began in 1985. For example, Mytilus cover at Kibesillah Hill (Table A-1) and 
Sea Ranch (Table A-9) has shown comparatively little variation in abundance since 1985. While 
mussel cover generally remained the same at these two sites, there were changes in the 
abundances of some of the other taxa. In particular, at Kibesillah Hill (Table A-1) two 
macrophyte taxa (the tufted alga Endocladia muricata and the fleshy red alga Mastocarpus 
papillatus) and two macroinvertebrate taxa (the barnacles Chthamalus sp(p). and the sea 
anemone Anthopleura elegantissima) increased in abundance. In contrast, at Pescadero Rocks 
(Table A-16) there has been a substantial increase of Mytilus since 1985, while at Point Sierra 
Nevada (Table A-23) there has been a temporary increase in mussel cover in 1988 and a decline 
in 1992. Other changes in the Mytilus assemblage appeared to be related to either increases or 
decreases in Mytilus abundance at the study sites. For example, when mussel cover increased at 
Pescadero Rocks (Table A-16), there was a corresponding decrease in macrophyte abundance in 
the plots. Similarly, at Point Sierra Nevada (Table A-23), as mussel cover decreased, coralline 
algae increased, whereas barnacles and limpet grazers decreased 
Spatial variation among sites has been previously found in other mussel assemblages. Dayton 
(1971) found that the high degree of spatial variation in the barnacle/mussel assemblage on the 
Washington coast was due to continuous physical and biological disturbance preventing 
complete monopolization of space by one species. The disturbances he identified were grazing 
by limpets, predation by carnivorous gastropods and seastars, and battering by waves and logs. 
Paine and Levin (1981) have proposed a model that describes the composition of mussel 
communities of the outer coast of Washington as a mosaic of patches of various ages and sizes in 
various stages of recovery. 
The results of this study suggest thatMytilus competes with macrophytes (especially corallines) 
for primary substratum and provides secondary substratum for barnacles and some macrophytes 
(see also Kinnetic Laboratories, Inc., 1992). However, there have also been suggestions (Bayne, 
1976; Suchanek, 1979) that Mytilus preferentially recruits into coralline and other filamentous 
species, indicating a possible facilitation relationship (sensu Connell and Slatyer, 1977). 
A comparison of the Mytilus control plots at each of the four study sites from 1985-1992 using 
the Bray-Curtis index of similarity (Figures 2, 4, 6, and 8) indicates that in fall 1992 the Mytilus 
assemblage control plots were about as similar to one another as they had been in most previous 
surveys. 
Sprina-Cieared Plots 
In fall 1992, the highest species richness (total number of taxa) in the spring-cleared Mytilus 
plots at the four study sites was at Kibesillah Hill (34 taxa) (Table 21). This total included 16 
macrophytes and 18 macroinvertebrates. The total number of taxa at the three other sites was 
only slightly less (range 28 to 32). Kibesillah Hill also supported the greatest total biotic cover 
(134 percent). The vast majority of the total cover at this site was contributed by macrophyte 
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Table 21. Species richness, biotic cover, and substratum abundance in tbe Mytilus assemblage spring-
cleared plots at tbe four study sites during fall1992.1 
KibesiUah Sea Pescadero Point Sierra 
Category Hill Ranch Rocks Nevada 
Species Richness (No. of Taxa) 
Total No. of Macrophytes 16 15 12 15 
Total No. of Macroinvertebrate 18 17 16 14 
Total No. of Taxa 34 32 28 29 
Cover (Percent) 
Total Macrophyte Cover 100.0 31.9 58.5 80.2 
Total Macroinvertebrate Cover 33.5 63.0 64.5 22.3 
Total Biotic Cover 133.5 94.9 123.0 102.5 
Bare Rock 7.2 19.4 2.8 18.3 
Rock 29.4 6.1 6.1 2.8 
Shell Debris 1.7 1.1 
Sand 0.6 
1 Cover data for biota and substtatum are means of three plots (n- 3). Total percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(-) indicates the substratum was not recorded at that site. 
taxa (100 percent). In contrast, at Pescadero Rocks and Sea Ranch more cover was from 
macroinvertebrates (63 percent, primarily mussels and barnacles) than from macrophytes (32 
percent). Macroinvertebrate cover was two to three times higher at Pescadero Rocks (65 percent) 
and Sea Ranch (63 percent) than at Kibesillah Hill (34 percent) and Point Sierra Nevada (22 
percent). Bare rock was notably higher at Sea Ranch (19 percent) and Point Sierra Nevada (18 
percent) than at Kibesillah Hill (7 percent) or Pescadero Rocks (6 percent). 
The results from fall 1992 showed that after 7~ years none of the Mytilus assemblage plots that 
were cleared in spring 1985 by KLI have shown complete recovery. Four measures of the 
Mytilus assemblage were used to determine recovery. The most important was a comparison of 
the similarity of the cleared plots to the control plots. Mussel cover, mussel density, and 
recovery rates were also assessed. Each of these measures are discussed below. 
A comparison of Bray-Curtis index of similarity between the spring-cleared plots and the control 
plots at each individual site showed that recovery was proceeding (Figures 2, 4, 6, and 8). Since 
the last assessment of these plots by Kinnetic Laboratories, Inc. (1992) in the spring of 1991, 
there has been a small, gradual increase in recovery (similarity) at all sites. The spring-cleared 
plots at Point Sierra Nevada and Pescadero Rocks appear to be closer to recovery than the two 
northernmost sites. The percent recovery of spring-cleared plots ranged from a low of 39 percent 
at Kibesillah Hill to a high of 68 percent at Pescadero Rocks (Table 4). 
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Abundance (percent cover) of Mytilus in the spring-cleared plots slowly increased at all sites 
between the spring 1991 assessment by Kinnetic Laboratories, Inc. (1992) and the fall1992 study 
(Table 22). In spring 1991, KLI found Mytilus cover to be below 25 percent at all sites except 
Pescadero Rocks, where it covered 30 percent of the substratum. By fall 1992, mussel 
abundance exceeded 25 percent at two sites, and Pescadero Rocks continued to have the greatest 
abundance of Mytilus (36 percent cover). Between spring 1991 and fall1992, the greatest 
increase in Mytilus occurred at Point Sierra Nevada, where mussel cover tripled ( 4 percent to 12 
percent). 
Table 22. Mytilus cover (percent) in spring- imd fall-cleared plots at the four study sites during spring 1991 
and fall1992.1 
Spring 19912 Fall1992 
Site Spring-Cleared Fall-Cleared Spring-Cleared Fall-Cleared 
Kibesillah Hill 18.3 16.7 21.1 19.4 
Sea Ranch 21.7 6.1 27.8 8.9 
Pescadero Rocks 30.0 10.6 36.1 17.8 
Point Sierra Nevada 4.4 6.7 12.2 17.8 
1 Daia are means of three plots (n = 3). 
'Spring 1991 data are from Kinnetic Laboratories, Inc. (1m). 
The density of Mytilus (no./0.1875 m2) in the spring-cleared plots (Table 23) provided a different 
perspective on abundance than did the cover data. Mussel density declined by two-thirds 
between spring 1991 and fall1992 at Kibesillah Hill (121 to 39). In contrast, mussel density at 
the three more southern sites increased by one-third to three-fourths during the same period, with 
the greatest increase occurring at Point Sierra Nevada (62 to 107). These differences may be due 
to variability among quadrats within a plot, since the same three quadrats were not sampled 
during each sampling period, or due to differential colonization rates or encroachment by 
mussels. 
The recovery rates observed in fall1992 (Table 24) were all very low compared to the recovery 
rates for the Endocladia recovery study conducted by KLI. In that study (Kinnetic Laboratories, 
Inc., 1992; Table I-1), recovery rates ranged from 2.2 to 10.3 percent per month. The recovery 
rate estimated for the Mytilus assemblage at Pescadero Rocks in fall1992 (0.75 percent/month) 
was the highest of all the sites for the spring-cleared plots (Table 24). It was only slightly higher 
than the rate observed at this site in spring 1991 (0.69 percent/month, Table A-5). These plots 
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Table 23. Mytilus density (no./0.1875 m1) in spring- and fall-cleared plots at tbe four study sites during 
spring 1991 and fall 1992.' 
Spring 19911 Fall 1992 
Site Spring-Cleared Fall-Cleared Spring-Cleared Fall-Cleared 
Kibesillah Hill 121 63 39 63 
Sea Ranch 59 13 85 37 
Pescadero Rocks 186 55 247 126 
Point Sierra Nevada 62 74 107 177 
1 Data are means of three plots (n = 3). 
2 Spring 1991 data are calculated by dividing the total mussel counts in Kinnetic Laboratories, Inc. (1992) for all three spring-cleared or fall-
cleared plo!S by three. 
Table 24. Mytilus assemblage recovery rates at tbe four study sites during spring 1991 and fall1992.1 
Spring 19911 Fall1992 
Site Spring-Cleared Fall-Cleared Spring-Cleared Fall-Cleared 
Kibesillah Hill 0.47 0.48 0.43 0.49 
Sea Ranch 0.82 0.66 0.55 0.41 
Pescadero Rocks 0.69 0.38 0.75 0.50 
Point Sierra Nevada 0.43 0.47 0.60 0.77 
1 Data are means of three plots (n = 3). Recovery rate (percent/month) was calculated by dividing tbe Bray-Curtis index of similarity 
(percent) for a given cleared plot by the percent similarity of the least similar control plots, multiplying by 100, and dividing by the number of 
months to the last sampling date. 
' Spring 1991 data are from Kinnetic Laboratories, Inc. (1992). 
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appear to have recovered more (68 percent recovered) than those at the other sites based on the 
Bray-Curtis index of similarity (Table 4; Figure 6). Additionally, the mean mussel density has 
increased by one-third since spring 1991 (Table 23). However, as noted by Kinnetic 
Laboratories, Inc. (1992), the higher rate of recovery in Pescadero Rocks plots in spring 1991 
may have been an artifact of comparing these cleared plots to control plots that were at an 
intermediate level of succession. This artifact is less likely to be important at Pescadero Rocks 
now that the control plots appear to be in a late stage of succession. 
Fall-Cleared Plots 
The three northernmost sites (Kibesillah Hill, Sea Ranch, and Pescadero Rocks) exhibited 
relatively similar species richness (total numbers of taxa) (32, 31, 30, respectively) in the fall-
cleared plots (Table 25). Point Sierra Nevada had the lowest richness, 25 taxa. The greatest 
number of macrophyte taxa (19) was observed at Kibesillah Hill (range for all sites 11 to 19), 
whereas the most macroinvertebrate taxa (18) were observed at Sea Ranch (range for all sites 13 
to 18). 
Table 25. Species richness, biotic cover, and substratum abundance in the Mytilus assemblage fall-cleared 
plots at the four study sites during fall 1992.1 
Kibesillah Sea Pescadero Point Sierra 
Category Hill Ranch Rocks Nevada 
Species Richness (No. of Taxa) 
Total No. of Macrophytes 19 13 17 11 
Total No. ofMacroinverte. 13 18 13 14 
Total No. of Taxa 32 31 30 25 
Cover (Percent) 
Total Macrophyte Cover 66.0 59.0 85.7 52.3 
Total Macroinvertebrate Cover 39.7 29.8 37.4 26.8 
Total Biotic Cover 105.7 88.8 123.1 79.1 
Bare Rock 13.3 24.4 7.2 30.6 
Rock 12.2 25.6 2.2 J.J 
Shell Debris 3.9 0.6 
1 Cover data for biota and substratum are means of three plots (n = 3). Total percent cover can exceed 100 percent because multiple layers were 
sampled. A dash(-) indicates the substratum was not recorded at that site. 
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In contrast to the spring-cleared plots, where total biotic cover was highest at Kibesillah Hill, 
total biotic cover was highest in the fall-cleared plots at Pescadero Rocks (123 percent). 
Pescadero Rocks also had the highest macrophyte cover (86 percent). Macroinvertebrate cover 
was highest at Kibesillah Hill (40 percent) and Pescadero Rocks (37 percent). There was a large 
amount of bare rock at both Point Sierra Nevada (31 percent cover) and Sea Ranch (24 percent 
cover). 
Results from fall 1992 showed that after 7 years none of the Mytilus assemblage plots cleared by 
KLI in fall1985 have shown complete recovery (Figure 2). As indicated above, four measures of 
the Mytilus assemblage were used to determine recovery: comparison of the similarity of the 
cleared plots to the control plots, mussel cover, mussel density, and recovery rate. These 
measures are discussed below. 
A comparison of the Bray-Curtis index of similarity between the fall-cleared plots and control 
plots at each of the four sites showed that recovery is proceeding (Table 4; Figures 2, 4, 6, and 8). 
Since the last assessment of these plots by KLI in the spring of 1991, there has been a gradual 
increase in recovery (similarity) at all sites, although the increase has been low. The percent 
recovery of the fall-cleared plots ranged from a low of 34 percent at Sea Ranch to a high of 67 
percent at Point Sierra Nevada (Table 4 ). The fall-cleared plots at Point Sierra Nevada may have 
been closer to recovery than the .three more northern sites, due in part to the slightly lower 
among-control similarity at the Point Sierra Nevada site that resulted from a decline in Mytilus. 
Results from the fall 1992 study showed that mussels continued to increase slowly in abundance 
(percent cover) in the fall-cleared plots at all study sites (Table 22). In spring 1991, Mytilus 
covered only 17 percent of the substratum at Kibesillah Hill, 11 percent at Pescadero Rocks, and 
between 6 and 7 percent at Sea Ranch and Point Sierra Nevada (Kinnetic Laboratories, Inc., 
1992). By fall 1992, Mytilus occupied about the same amount of substratum (18 to 19 percent) in 
fall-cleared plots at all sites except for Sea Ranch, where it covered only 9 percent. Mussel cover 
more than doubled at Point Sierra Nevada between spring 1991 (7 percent) and fall 1992 (18 
percent). 
Mytilus density data (no./0.1875 m2) from the fall-cleared plots furnished a slightly different view 
of abundance than did the cover data (Table 23). Mussel densities increased about two- to three-
fold between spring 1991 and fall 1992 at the three southernmost sites, but remained the same 
(63) at Kibesillah Hill. Point Sierra Nevada had the highest mussel density (177) in fall 1992, 
whereas the mussel densities at the three more southern sites ranged from 37 to 126. 
The mussel recovery rate for fall-cleared plots at Point Sierra Nevada was the highest (0. 77 
percent/month) for both spring and fall-cleared plots at all the sites (Table 24). This rate is 
higher than the 0.47 percent/month observed for the same Mytilus plots by Kinnetic Laboratories, 
Inc. (1992) in spring 1991. This higher recovery rate (Table 24) may be an artifact of the 
unusually low mussel cover in the control plots (62 percent, Table 18). This was the lowest 
Mytilus cover of all the sites in fall 1992, and the control plots themselves were probably in an 
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intermediate stage of succession. Therefore, the cleared plots may become more similar to the 
controls more rapidly, as a result of this low mussel cover in the control plots and the fact that 
they are in an intermediate stage of succession. 
Complete recovery of the spring- and fall-cleared Mytilus plots at all the sites will probably take 
several more years. As Kinnetic Laboratories, Inc. (1992) concluded, the recruitment dynamics 
of the more abundant species and, possibly, human disturbance contribute to a recovery process 
that varies greatly among sites and from year to year. Although it is impossible at this time to 
determine how long complete recovery will actually take, the results indicate that the cleared 
plots at Pescadero Rocks and Point Sierra Nevada may recover sooner than at the two more 
northern sites. This is based on the similarity of the cleared plots to the control plots and on the 
recovery rates. Actual recovery time would depend upon many factors, including the recruitment 
and growth of Mytilus in the future and, perhaps, upon further encroachment by adults living on 
the boundaries of the cleared plots. 
B. Comparison of the Endocladia!Mastocarpus Assemblage at the Four Study Sites 
Smo.psjs 
As discussed below, the Endocladia/Mastocarpus assemblages at the study sites have generally 
remained similar to previous fall sampling periods, although the abundances of macrophytes and 
macroinvertebrates have fluctuated since the study began in 1985. 
Control Plots 
The Endocladia/Mastocarpus assemblage is a conspicuous and diverse assemblage of biota that 
typically occurs on the high rocky intertidal shoreline throughout central and northern California 
(Glynn, 1965; Ricketts et al., 1985). Results from the fall1992 study showed that the species 
richness and total biotic cover within this assemblage differed greatly among all the study sites 
(Table 26). The highest species richness (total number of taxa) and total biotic cover, were at 
Sea Ranch. A total of29 taxa (17 macrophytes and 12 macroinvertebrates) was observed at this 
site. Together, these biota covered a total of 139 percent of the substratum. Macrophytes 
contributed 131 percent cover to this total, while macroinvertebrates occupied 8 percent of the 
substratum. Species richness and total biotic cover were also high at Pescadero Rocks (21 taxa 
and 127 percent) and Kibesillah Hill (24 taxa and 103 percent). In marked contrast, the 
Endocladia/Mastocarpus assemblage at Point Sierra Nevada supported only eight taxa (2 
macrophytes and 6 macroinvertebrates), and these taxa covered only one-half of the substratum. 
The tufted red alga Endocladia muricata and the fleshy red alga Mastocarpus papillatus, the two 
"indicators" of this assemblage, were the only macrophytes present at all four sites (Table 27). 
These macrophytes were abundant at Pescadero Rocks (Endocladia - 50 percent; Mastocarpus -
24 percent) and Sea Ranch (Endocladia- 48 percent; Mastocarpus- 21 percent). Endocladia 
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Table 26. Species richness, biotic cover, and substratum abundance in the EndoclmJi.a/Mastocarpus assemblage control 
plots at tbe four study sites duriog fall 1m. 1 
Kibesillab Sea Pescadero Point Sierra 
Category Hill Ranch Rocks Nevada 
Species Richness (No. of Taxa) 
Total No. of Macrophytes 12 17 12 2 
Total No. ofMacroinvertebrates 12 12 9 6 
Total No. of Taxa 24 29 21 8 
Cover (Percent) 
Total Macrophyte Cover 89.0 130.6 125.1 35.0 
Total Macroinverte. Cover 14.0 7.9 2.3 15.6 
Total Biotic Cover 103.0 138.5 127.4 50.6 
Bare Rock 27.2 7.2 10.6 51.7 
Rock 18.9 32.2 24.4 18.3 
Shell Debris 1.1 
1 Cover data for biota and substratum ue means of three plots (n = 3). Total percent cover can exceed 100 percent because multiple layers 
were sampled. A dash(-) indicates the substratum was not recorded at that site. 
Table 27. The more abundant ( > 2 percent cover) taxa in tbe Endoc/adia!Mastocarpus assemblage control plots at tbe 
four study sites during fall tm.1 
Kibesillah Sea Pescadero Point Sierra 
Taxon Hill Ranch Rocks Nevada 
Fucus gardneri 22.2 18.3 
Endoc/adia muricata 17.8 48.3 50.0 32.2 
Cladophora columbiana 13.3 17.2 5.0 
Mastocarpus papil/atus 11.1 21.1 23.9 2.8 
Petrocelis sp(p). 7.2 5.0 <2.0 
Anthopleura e/egantissima 6.7 <2.0 
Chthoma/us sp(p). 5.0 <2.0 7.8 
Coral/ina officina/is 5.0 2.2 
Crustose corallines, unid. 3.9 <2.0 5.0 
Iridaea sp/endens 3.9 <2.0 
Cryptosiphonia woodii 3.9 
Pe/vetia-Pelvetiopsis sp(p). <2.0 3.3 21.1 
Rhodogwssum affine 10.0 
Red crusts <2.0 3.3 
U/va sp(p). <2.0 2.8 
Pisaster ochraceus 2.2 
Littorina scuJU/ata!p/ena <2.0 6.1 
1 Data are means of three plots (n = 3). Taxa are generally ranked according to means at Kibesillah Hill, then listed 
alphabetically if the means are equal. A dash (-) indicates the taxon was not recorded at that site. 
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cover was comparatively lower in abundance (18 percent) at Kibesillab Hill, and Mastocarpus 
cover was comparatively much lower (3 percent) at Point Sierra Nevada. 
Other common macrophytes included the tufted green alga Cladophora columbiana, which was 
notably abundant at Sea Ranch (17 percent cover), Kibesillab Hill (13 percent cover), and 
Pescadero Rocks (5 percent cover) (Table 27). Two rockweed taxa (Fucus gardneri and/or 
Pelvetia/Pelvetiopsis sp(p).) covered a fairly large amount of the substratum within the 
Endocladia/Mastocarpus assemblage at three sites: Kibesillab Hill, Sea Ranch, and Pescadero 
Rocks. Although the holdfasts of these macrophytes typically occupied relatively little of the 
substratum, the fronds of each thallus typically overlaid fairly large areas of the rocky surfaces. 
The rockweed Fucus gardneri occurred only at Kibesillab Hill (22 percent cover) and Sea Ranch 
(18 percent). The rockweeds Pelvetia/Pelvetiopsis sp(p). were observed at three sites. However, 
these rockweeds covered fairly large areas of the substratum (21 percent cover) only at Pescadero 
Rocks, whereas their cover at Sea Ranch and Kibesillab Hill was considerably less (3 percent and 
less than 2 percent, respectively). No rockweeds were observed in the Endocladia/Mastocarpus 
assemblage at Point Sierra Nevada. 
Only four macroinvertebrates covered more than 2 percent of the substratum: the barnacles 
Chthamalus sp(p ). (8 percent) at Point Sierra Nevada, the sea anemone Anthopleura 
elegantissima (7 percent) at Kibesillab Hill, the littorine snails Littorina scutulata/plena (6 
percent) at Point Sierra Nevada, and the seastar Pisaster ochraceus (2 percent) at Sea Ranch 
(Table 27). Anthopleura elegantissima was not observed at the two southernmost sites, 
Pescadero Rocks and Point Sierra Nevada, whereas Chthamalus sp(p ). were not observed at 
Pescadero Rocks. Littorina scutulatalplena were not observed at either Sea Ranch or Pescadero 
Rocks. 
Due to their small size, grazers usually did not occupy large areas of substratum at the four sites 
and were better assessed by determining their density (no./0.1875 m2). The littorine snails 
Littorina scutulata/plena were most abundant in terms of density at Point Sierra Nevada (685) 
and Pescadero Rocks (103) (Table 28). Limpets were more abundant at Sea Ranch (79) 
andPescadero Rocks (31) than at the other sites. The snail Tegulafunebralis was fairly abundant 
at Kibesillab Hill (10), not observed at Sea Ranch, and at very low densities at the two southern 
sites (less than 3). Chitons were only common at Pescadero Rocks (unidentified Polyplacophora, 
4 ). Predatory snails and sea stars occurred at very low densities or were absent at all four sites. 
The most obvious pattern in the Endocladia/Mastocarpus assemblage from 1985-1992 was that 
both Endocladia and Mastocarpus consistently remained the two most abundant macrophytes at 
the three southernmost study sites (Tables A-15, 12, and A-28). However, at Kibesillab Hill, 
Endocladia and the rockweed Fucus gardneri have been the two most abundant macrophytes 
(Table A-7) since the start of the study in 1985. Mastocarpus usually ranked fifth in macrophyte 
abundance at this site. 
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Table 28. The more abundant (>3/0.1875 m') grazers in tbe Endoc/adia/Mastocarpus assemblage control 
plots at tbe four study sites during fall1992.' 
Taxon 
Littorines 
Limpets 
Tegula funebralis 
Polyplacophora, unident. 
Kibesillab 
Hill 
30.6 
18.2 
10.3 
Sea 
Ranch 
78.9 
·Pescadero Point Sierra 
Rocks Nevada 
103.0 685.4 
31.4 <3 
<3 <3 
4.2 
1 Data are means of three plots (n = 3). Grazers are ranked according to the means at Kibesillah Hill. A dash{-) indicates the grazer was not 
recorded at that site. 
Several other trends were apparent when comparing the falll992 data to that collected in 
previous fall sampling periods. A general downward trend in total macrophyte cover was evident 
at Kibesillah Hill, Pescadero Rocks, and Point Sierra Nevada (Tables A-7, A-21, and A-28). The 
greatest decrease was at Point Sierra Nevada, where macrophyte cover went from 66 percent in 
1985 to 35 percent in falll992 (Table A-28), due to a reduction in Endocladia muricata and 
Mastocarpus papillatus. This site also had a large reduction in the total number of macrophyte 
taxa from 6 in 1985 to only 2 in 1992. Also at Point Sierra Nevada, macrophyte cover tended to 
cycle among years with a cover maximum around 65 percent and a minimum around 35 percent. 
Mastocarpus papillatus showed 2-year fluctuations in cover over the course of the study. At 
Kibesillah Hill (Table A-7), where total macrophyte cover dropped since falll989 (from 148 to 
89 percent), the decline was due to approximately 50-percent reductions in the cover of three 
macrophytes: the fleshy red alga Mastocarpus papillatus, the tufted green alga Cladophora 
columbiana, and the rockweed Fucus gardneri. Furthermore, the rockweeds 
Pelvetia/Pelvetiopsis sp(p ). at this site have precipitously dropped in cover from 22 percent in 
fall 1989 to less than 1 percent in fall 1992. KLI also reported (Table A-7) a drop in cover of 
these rockweeds between 1987 (24 percent) and 1988 (6 percent). These trends may indicate a 
natural fluctuation for these taxa. At Pescadero Rocks (Table A-21), total macrophyte cover 
declined by about one-third (from 198 percent in 1985 to 125 percent in 1992). Endocladia 
muricata, Mastocarpus papillatus, and crustose corallines were the main macrophytes 
contributing to this decline. Total macrophyte cover at Sea Ranch (Table A-15) has increased 
from 103 percent at the start of the study in 1985 to 128 percent in 1988, and it has remained 
about the same since 1988 with 131 percent cover in 1992. 
In contrast, there were few trends in macroinvertebrate cover patterns. However, at Pescadero 
Rocks (Table A-21) there has been a decline in total macroinvertebrate cover since 1985 (from 
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12 percent in 1985 to 2 percent in 1992). This reduction is primarily due to declines in barnacles, 
littorine snails, and mussels. 
The Bray-Curtis index of similarity values (fall 1992) for the Endocladia!Mastocarpus 
assemblage at all four study sites remained within the range of similarities calculated for each 
site for previous years (Figures 3, 5, 7, and 9). Therefore, the control plots in fall 1992 were 
about as similar to each other as they had been in previous years. 
The differences described above in species richness and abundance in the Endocladial 
Mastocarpus assemblage at the four sites were not surprising. There are many site-specific 
differences (e.g., biological, physical, anthropogenic) that may cause variations in this 
assemblage among sites and over time. However, the very low species richness and total biotic 
cover in this assemblage at Point Sierra Nevada and the general downward trends in macrophyte 
abundance at three of the four sites are of interest and will be closely assessed in the future to 
determine whether these trends continue. Change in Mastocarpus abundance is of particular 
interest, since it has declined or undergone substantial fluctuation at three sites and is one of the 
two "indicators" of this assemblage. 
C. Conclusion 
Results from fall 1992 showed that, after 7~ years, none of the mussel assemblage plots that 
were cleared by Kinnetic Laboratories, Inc., had recovered completely. However, recovery is 
proceeding at a very low rate. In fall 1992, the cleared plots were more similar to the control 
plots than they were during the last survey by KLI, and mussel abundance was greater. Although 
it is not possible at this time to determine how long recovery will actually take, complete 
recovery of the spring- and fall-cleared mussel plots at all of the sites will probably take several 
more years. The MMS plans to continue to monitor these plots every 2 years until recovery takes 
place. 
The study of undisturbed mussel and algal assemblages indicates that, although these 
assemblages persist and are usually fairly stable over time, changes can occur due to natural or 
human disturbances. For example, mussel abundance in the control plots increased at one site 
and decreased at another site. Additionally, there has been a general downward trend in algal 
abundance at three of the four sites and the algal assemblage at one site was found to be 
considerably lower in species richness and algal abundance compared to the other sites. These 
trends will be closely monitored every 2 years to determine whether they continue. 
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0 Table A-1. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control plots at Kibesillah Hill for fall sampling periods from 1985 to 1992.1 
D Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Porphyra perjorata 3.3 0.6 24.4 37.8 11.2 
:j Porphyra Ianceolata 23.3 3.9 Endocladia muricata 1.1 2.2 1.1 0.6 5.0 12.2 3.7 
Mastocarpus papillatus 1.1 2.2 3.9 2.8 10.6 3.4 
] Porphyra sp(p). 8.9 1.5 Crustose coral1ines, unident. 1.1 0.6 0.3 
Petrocelis sp(p). 0.6 0.1 
Iridaea splendens 0.6 
LJ Ralfsia sp(p). 0.6 
Total Macrophyte Cover 15.5 4.0 28.3 42.9 31.1 22.8 
[} Macroinvertebrates - Cover (Percent) 
il Mytilus califomianus 90.6 96.7 91.7 97.2 100.0 98.9 95.9 Balanus glandula 2.8 9.4 6.1 5.0 6.1 5.0 5.7 
c_/ Anthopleura elegantissiTIUl 6.1 1.7 9.4 3.9 0.6 10.6 5.4 
ChthoTIUllus sp(p ). 4.4 1.7 4.4 1.1 1.1 13.3 4.3 
r 1 Tegulafunebralis 2.8 1.1 0.6 4.4 1.1 1.7 
cJ Semibalanus cariosus 1.7 0.6 0.6 1.7 0.6 0.9 
• Collis ella • scabra 0.6 1.1 0.6 1.1 0.6 
'l Littorina scutulatalplena 0.6 1.7 0.6 0.5 l_j Lottia digitalis 0.6 0.6 0.6 0.6 0.4 
Lottia paradigitalis 0.6 0.6 0.2 
0 Nucella eTIUlrginata 0.6 0.1 Strongylocentratus purpuratus 0.6 0.1 
Total Macroinvertebrate Cover 109.0 111.9 116.2 111.3 115.6 130.1 [I Macroinvertebrates - Density (No./0.1875 m2) 
J Littorina scutulata!plena 14.6 70.6 30.8 13.7 13.3 21.4 27.4 Tegula funebralis 31.0 18.7 19.7 17.7 38.1 28.3 25.6 
• Collis ella • scabra 19.3 8.2 7.4 19.3 17.3 10.8 13.7 
!\ Lottia digitalis 29.4 7.8 11.1 9.2 2.7 7.0 11.2 Lottia pelta 30.7 1.7 6.7 4.1 0.7 7.3 LJ Lottia paradigitalis 9.0 9.2 2.3 12.3 0.7 5.6 
Lottia sp(p). 12.5 16.7 4.9 
D Nucella eTIUlrginata 2.0 1.7 3.3 0.3 i.7 0.7 1.6 Lottia limatula 2.8 2.4 0.9 
Lottia asmi 0.3 0.7 0.3 0.2 
0 
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' Table A-1. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control 
plots at Kibesillab Hill for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates - Density (No./0.1875 m1) 
Strongylocentrotus purpuratus 0.7 0.2 
Tectura scutum 0.7 0.3 0.2 
Echinoderm, unident. 0.3 0.1 
Littorina keenae 0.3 0.1 
Total Number of Macrophyte Taxa 5 4 4 4 3 2 
Total Number of Macroinvertebrate Taxa 13 15 15 13 12 12 r 
Total Number of All Taxa 18 19 19 17 15 14 
Substrata - Cover (Percent) 
Shell debris 4.4 1.1 6.1 1.1 3.3 1.7 3.0 
Rock 1.7 0.6 0.4 
Bare Rock 0.6 0.6 0.2 L 
Sand 0.6 0.2 
1 1985-1989 data are from Kinnetic Laboratories. Inc. (1992}. Data are mearu; of three plots (n=3). Taxa and substrata within each 
category are ranked according to overall means. then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
98 
:J 
0 
0 
0 
0 
0 
0 
0 
0 
[J 
D 
ll 
u 
0 
[J 
r 1 
u 
0 
Table A-2. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Kibesillah Hill during 
spring 1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Endocladia muricata 20.6 6.7 
Mastocarpus papillatus 6.7 1.7 
Total Macrophyte Cover 27.3 
Macroinvertebrates - Cover (Percent) 
Mytilus califomianus 97.2 2.6 
Balanus glandula 4.4 2.6 
Tegula funebralis 3.9 1.0 
"Collisella • scabra 1.7 1.7 
Anthopleura elegantissima 1.1 1.9 
Chthoma/us sp(p ). 1.1 1.0 
Lottia digitalis 1.1 1.9 
Semibalanus cariosus 0.6 1.0 
Littorina scutulatalplena 0.6 1.0 
Total Macroinvertebrate Cover 111.7 
Macroinvertebrates - Density (No./0.1875 m') 
"Col/isella • scabra 30.8 5.7 
Tegula funebralis 23.3 23.2 
Littorina scutulatalplena 15.3 4.5 
Lottia digitalis 7.0 12.1 
Lottia sp(p ). 4.2 7.2 
Lottia pelta 0.3 0.6 
Total Number of Macrophyte Taxa 2 
Total Number of Macroinvertebrate Taxa 11 
Total Number of All Taxa 13 
Substrata - Cover (Percent) 
Shell debris 4.4 3.9 
Bare Rock 0.6 1.0 
1 Data are from Kinnctic Laboratories, Inc. (1992). Data arc means of three plots (n=3). Taxa and substrata 
within each category are ranked according to the means, then listed alphabetically if the means are equal. Total 
percent cover can exceed 100 percent because multiple layers were sampled. 
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Table A-3. Macrophyte, macroinvertebrate, and substratum abuodaoces in the Mytilus assemblage spring-cleared plots 
at Kibesillah Hill for fall sampling periods from 1985 to 1992.1 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Meao 
'~ 
Macrophytes - Cover (Percent) ,-
Mastocarpus papil/aJus 15.6 37.2 14.4 23.3 10.0 16.8 
Endocladia muricata 1.1 8.3 17.8 13.3 9.4 8.3 9.7 
Neorhodomela oregona 3.9 30.0 23.9 9.6 
Cladophora columbiana 1.1 12.2 12.2 24.4 8.3 
Odonthalia j/occosa 1.7 1.7 24.4 4.6 
Iridaea heterocarpa 11.1 11.1 1.1 3.9 4.5 
Fucus gardneri 0.6 7.2 5.0 2.1 
Iridaea splendens 1.1 3.9 4.4 3.3 2.1 
Polysiphania hendryi 1.1 2.8 5.0 2.2 1.9 
Coral/ina vancouveriensis 1.1 0.6 7.8 1.6 
Crustose corallines, unident. 1.1 3.9 1.7 0.6 1.1 1.4 
Bossie/la plumosa 1.7 2.8 0.6 0.9 
Pelvetia·Pelvetiopsis sp{p) 3.3 1.7 0.6 0.9 
Neorhodomela larix 5.0 0.8 
Analipus japonicus 2.8 0.6 0.6 
GATGOR 3.3 0.6 
Halosaccion americanum 2.2 1.1 0.6 
Petrocelis sp{p). 1.1 1.7 0.5 
Brown crusts 1.1 0.2 
Ralfsia sp(p). 0.6 0.6 0.2 
Red crusts 0.6 0.6 0.2 
Gigartina canaliculata 0.6 0.1 
Mastocarpus jardinii 0.6 0.1 
Microcladia borealis 0.6 0.1 
Polysiphania •p{p) 0.6 0.1 
Red blades 0.6 0.1 
Total Macrophyte Cover 5.0 29.0 84.0 101.1 91.8 100.0 
Macroinvertebrates - Cover (Percent) L 
Balanus glandula 5.0 21.1 13.9 5.6 0.6 1.7 8.0 
Mytilus califomianus 0.6 1.1 1.1 8.3 3.9 21.1 6.0 
Chthamalus sp{p). 7.8 7.2 1.1 0.6 1.1 5.6 3.9 
Anthapleura elegantissima 1.1 1.1 2.8 1.1 2.2 1.4 
Tegula junebralis 2.8 0.6 1.1 0.6 1.1 1.0 
Littorina scutulata!plena 1.7 2.8 0.8 
Tetraclita rubenscens 3.9 0.6 0.8 
"Collisella" scabra 0.6 0.6 2.8 0.7 
Semibalanus cariosus 1.1 0.6 2.2 0.7 
Lottia digitalis 1.1 1.1 0.4 
Pagurus sp{p) 0.6 0.6 0.2 
Anthapleura xanthagrammica 0.6 0.1 
Littorina keenae 0.6 0.1 
Lottia paradigitalis 0.6 0.1 
Nuttalina californica 0.6 0.1 
Pollicipes polymerus 0.6 0.1 
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Table A-3. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage spring-cleared plots 
0 at Kibesillah Hill for fall sampling periods from 1985 to 1992.
1 (conlinued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macroinvertebrates .. Cover (Percent) 
0 Total Macroinvertebrate Cover 21.4 34.4 18.9 24.1 12.9 33.5 
Macroinvertebrates- Density (No./0.1875 m') 
0 Littorina scutullltalplena 136.7 576.8 187.4 79.7 36.4 4.2 170.2 Lottia sp(p). 12.5 142.0 108.3 33.3 37.5 20.8 59.1 
"Collisella • scabra 32.4 44.3 24.3 48.2 61.0 22.3 38.8 
0 Lottia digitalis 25.9 47.9 5.7 9.8 9.8 1.0 16.7 Tegula funebralis 27.4 3.7 7.7 4.3 13.1 8.0 10.7 Lottia pella 23.8 0.3 5.5 3.7 2.3 1.7 6.2 
Lottia paradigitalis 2.1 5.3 10.3 5.3 3.0 3.1 4.8 
[] Nucella emarginata 0.3 2.0 5.8 1.7 2.4 4.2 2.7 Amphissa columbiana 6.5 1.1 
Nuttallina califomica 1.0 0.3 1.7 0.7 0.6 
Lirularia succinta 2.1 0.4 
0 Lottia asmi 2.4 0.4 Lottia limoJUia 2.0 0.3 0.4 
Ocenebra circumtexta 2.1 0.3 0.4 
0 Lepidochitona dentiens 1.0 1.0 0.3 Amphissa versicolor 0.7 0.3 0.3 0.2 Conidae. unident 0.3 0.1 
Lepidochitona hartwegii 0.3 0.1 
II Leptasterias sp(p). 0.3 0.1 Mopalia muscosa 0.3 0.3 0.1 
'--' Tectura scuttun 0.3 0.1 
Tonicella lineata 0.3 0.1 
[J Total Number of Macrophyte Taxa 3 8 10 15 16 16 
!1 Total Number or Macroinvertebrate Taxa 17 15 18 18 17 18 lJ Total Number or All Taxa 20 23 28 33 33 34 
D Substrata - Cover (Percent) Bare Rock 73.9 48.3 22.2 15.6 23.3 7.2 31.8 
Rock 5.6 16.1 42.8 35.6 42.2 29.4 28.6 
il Sand 0.6 2.2 0.6 0.6 
' 
Shell debris 1.7 1.1 0.5 u 
0 ' 1985-1989 data are from Kinnetic LaboraiOries, Inc. (1992). Data are means of three plots {n=3). Taxa and substrata within each category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
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Table A-4. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Kibesillah Hill during spring 1991.1 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.2 Mean S.D. 
r 
Macrophytes • Cover (Percent) 
Neorhodomela larix 32.8 44.4 1.7 2.9 
Endocladia muricata 13.9 17.4 1.7 1.7 
Mastocarpus papillatus 7.2 9.8 7.2 1.0 
Ralfsia sp(p). 5.6 1.0 7.2 5.4 
Cladoplwra columbiana 4.4 3.8 29.4 18.0 
Crustose corallines, unident. 4.4 7.7 2.2 3.8 
Bossie/la plumosa 3.9 5.4 2.8 4.8 
Corallina vancouveriensis 3.9 4.2 8.3 6.0 
Iridaea splendens 3.9 4.2 2.2 1.9 
Analipus japonicus 3.3 4.4 2.8 1.0 
Fucus gardneri 2.2 3.9 16.7 13.6 
Petrocelis sp(p). 2.2 3.8 0.6 !.0 
Odontlwlia jloccosa 1.1 1.0 1.1 1.9 
Polysiplwnia hendryi 1.1 1.9 
Cylindrocarpus rugosus 0.6 1.0 
Iridaea heterocarpa 0.6 1.0 0.6 1.0 
Prionitis lanceolata 1.1 1.9 
Total Macrophyte Cover 91.1 85.6 
Macroinvertebrates • Cover (Percent) 
Mytilus californianus 18.3 13.2 16.7 4.4 
Lottia digitalis 2.2 3.8 0.6 1.0 
Tegula funebralis 2.2 3.9 4.4 6.3 
Antlwpleura elegantissima 1.1 1.9 1.1 1.0 
Nuttalina californica 1.1 1.0 L 
Balanus glandula 0.6 1.0 2.8 3.5 
Semibalanus cariosus 1.1 !.9 
Antlwpleura xantlwgrantica 1.1 1.9 
Chtlwmalus sp(p). 2.8 4.8 
• Collis ella • scabra 0.6 1.0 
Linorina scutulatalplena 0.6 1.0 
Lottia paradigitalis 0.6 !.0 
Phragmatopoma californica 0.6 1.0 
Tetraclita rubenscens 1.7 2.9 
Total Macroinvertebrate Cover 25.5 34.7 
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Table A-4. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Kibesillah Hill during spring 1991.1 (continued) 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.Z Mean S.D. 
Macroinvertebrates - Density (No./0.1875 m2) 
Lottia sp(p). 50.0 81.3 52.1 43.9 
Tegula junebralis 46.1 42.7 23.7 28.0 
Lottia digitalis 23.8 24.1 19.7 23.5 
"Collisella" scabra 17.1 12.0 42.2 30.3 
Littorina scutula/a/plena 16.0 8.7 5.8 5.0 
Lottia paradigitalis 3.7 6.4 0.7 1.2 
Lottia asmi 1.0 1.7 
Nuttallina califomica 0.7 0.6 
Lottia pelta 0.3 0.6 4.2 7.2 
Mopalia muscosa 0.3 0.6 
Nucella emarginata 0.3 0.6 
Strongywcentrotus purpuratus 0.3 0.6 
Total Number of Macrophyte Taxa 16 15 
Total Number of Macroinvertebrate Taxa 14 15 
Total Number of All Taxa 30 30 
Substrata - Cover (Percent) 
Rock 38.3 26.0 23.3 13.2 
Bare Rock 12.2 5.4 16.7 14.4 
Shell debris 3.9 3.5 1.7 2.9 
Sand 0.6 1.0 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are meam of three plots (n=3). Taxa and substrata within each category are 
ranked according to the means in the spring-cleared plots, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots 
indicated. 
2 S.D. = Standard Deviation 
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Table A-5. Summary of Mytilus cover, density, and recovery rate in spring 1991! 
Mytilus Cover Mytilus Density2 Mean Recovery Rate 
(percent) (no./0.1875m2) (percent/month) 
Spring- Fall- Spring- Fall- Spring- Fall-
Control Cleared Cleared Cleared Cleared Cleared Cleared 
Site Plots Plots Plots Plots Plots Plots Plots 
Kibesillah Hill 97.2 18.3 16.7 121 63 0.47 0.48 
Sea Ranch 91.7 21.7 6.1 59 13 0.82 0.66 
Pescadero Rocks 90.6 30.0 10.6 186 55 0.69 0.38 
-
Point Sierra Nevada 81.1 4.4 6.7 62 74 0.43 0.47 ~ 
-
1 Data are means of three plots (n = 3). 
2 Data were calculated by dividing the total mussel counts in Kinnetic Laboratories, Inc. (1992) for all three spring-cleared or fall-cleared plots by three. 
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0 TableA-6. Macropbyte, macrolovertebrate, and substratum abundances lo tbe Mytilus assemblage fall-cleared plots at Kibesillab Hill for faD sampling periods from 1986 to 1992.1 
0 
OveraU 
Taxon/Substratum 1986 1987 1988 1989 1992 Meao 
0 Macrophytes - Cover (Percent) Mastocarpus papillatus 8.3 17.2 6.1 17.8 19.4 13.8 
CIJJdophora columbiana 0.6 16.1 22.2 15.6 10.9 
D Iridaea splendens 21.1 18.9 3.9 5.6 2.8 10.5 Corollina vancouveriensis 0.6 6.7 14.4 7.2 9.4 7.7 Bossiella plumosa 21.7 0.6 1.7 0.6 4.9 
Polysiphonia hendryi 0.6 7.8 13.9 4.5 [] Analipus japonicus 1.1 5.6 5.0 1.1 0.6 2.7 Fucus gardneri 1.1 0.6 6.7 4.4 2.6 
Iridaea heterocarpa 7.8 2.2 1.7 2.3 
0 Porphyra lanceolata 10.0 1.7 2.3 Petrocelis sp(p). 2.2 2.2 2.8 2.2 1.9 Prionitis lanceo/ata 1.7 2.2 5.0 0.6 1.9 
Crustose corallines, unident. 4.4 1.1 1.7 1.1 1.7 
0 Odontholia floccosa 3.3 2.8 1.7 1.6 Halosaccion americanum 2.8 3.3 0.6 0.6 1.5 EndociJJdia muricata 2.2 0.6 1.1 1.1 1.0 
Ralfsia sp(p). 1.7 0.6 1.1 0.6 0.6 0.9 
0 Red crusts 0.6 0.6 1.7 0.7 Porphyra perforata 2.2 0.6 0.6 
Neorhodomela oregona 1.7 0.6 0.5 
[J Microcladia borealis 1.1 1.1 0.4 Brown crusts 1.1 0.2 Cryptosiphonia woadii 1.1 0.2 
Neorhodomela larix 0.6 0.1 
!/ Pelvetia-Pelvetiopsis sp(p) 0.6 0.1 u Plocamimun violaceum 0.6 0.1 
Total Macrophyte Cover 50.6 93.0 83.4 83.1 66.4 
n 
, I 
LJ Macrolovertebrates - Cover (Percent) 
Balanus glandula 18.9 2.8 13.9 2.2 1.7 7.9 
11 Mytilus califomianus 1.7 10.0 19.4 6.2 
u Semibalanus cariosus 10.6 3.9 0.6 3.0 
Chthomalus sp(p). 1.1 0.6 6.1 5.6 2.7 
D 
Tegula junebralis 0.6 1.1 1.7 1.7 1.0 
Tetraclita rubenscens 5.0 1.0 
Anthopleura elegantissima 1.1 0.6 2.8 0.9 
"Collisella" scabra 0.6 1.7 0.5 
u Lottia digitalis 0.6 1.1 0.6 0.5 Littorina scUJulata/plena 1.1 0.6 0.3 Lottia pella 0.6 0.6 0.2 
Nuttalina califomica 1.1 0.2 
0 Pagurus sp(p) 0.6 0.1 Pollicipes polymerus 0.6 0.1 
0 Total Macroinvertebrate Cover 22.9 16.2 17.4 27.3 39.7 
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TableA-6. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-
cleared plots at Kibesillah Hill for fall sampling periods from 1986 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates- Density (No./0.1875 m') r 
Lottia sp(p). 122.9 50.0 70.8 16.7 8.3 53.7 
Littorina scutula!a/p/ena 130.2 55.4 16.5 11.0 0.0 42.6 
"Collise/lo." scabra 25.8 3.0 38.0 32.2 32.6 26.3 
Lottia digitalis 6.8 7.0 35.9 13.4 5.7 13.8 ,_ 
Tegulo. funebralis 7.7 10.7 4.7 9.0 9.7 8.4 
Lottia paradigitalis 7.3 2.3 1.7 9.4 2.7 r 
Lottia pelta 4.8 3.1 2.0 3.4 2.7 
Littorina keenae 8.3 1.7 
Nucella emarginata 2.7 0.3 0.7 0.7 
Ocenebra circumtexta 2.1 0.3 0.5 r 
Lottia asmi 0.3 0.7 0.3 0.3 
Nuttallina californica 1.0 0.3 0.3 2.0 0.3 
Mopalia muscosa 0.3 0.3 0.3 0.2 
Acanthina sp(p). 0.3 0.1 
Coryphello. trilineaJa 0.3 0.1 ~ 
Leptasterias sp(p). 0.3 0.1 
Lepidochitona dentiens 0.3 0.1 
Tectura scutum 0.7 0.1 
Total Number of Macrophyte Taxa 10 16 18 19 19 
Total Number of Macroinvertebrate Taxa 12 18 17 15 13 
Total Number of All Taxa 22 34 35 34 32 
Substrata - Cover (Percent) 
Bare Rock 41.67 18.33 25.56 20.56 13.3 23.9 
Rock 26.67 35.00 17.78 23.89 12.2 23.1 
Shell debris 0.56 2.22 0.6 L 
' 1986-1989 data are from Kinnedc LaboraiOries. Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within 
each category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover 
can exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during 
that sampling period. 
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0 Table A-7. Macropbyte, macroinvertebrate, and substratum abundances in the Endocladill!Mastocarpus assemblage control plots at Kibesillah Hill for fall sampling periods from 1985 to 1992.1 
0 Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Endocladia muricata 30.6 49.4 25.6 41.7 17.8 17.8 30.5 
0 Fucus gardneri 19.4 21.7 31.1 36.1 41.1 22.2 28.6 Cladoplwra columbiana 4.4 5.6 17.8 25.6 26.7 13.3 15.6 
Pelvetia-Pelvetiopsis sp(p). 7.8 5.0 23.9 5.6 21.7 0.6 10.8 
0 Mastocarpus papililltus 7.2 4.4 5.6 5.6 21.1 11.1 9.2 Petrocelis sp(p). 6.1 3.3 17.8 11.7 7.8 7.2 9.0 Crustose corallines, unident. 2.2 3.9 5.6 4.4 4.4 3.9 4.1 
Halosaccion americanum 0.6 3.9 1.7 1.0 
0 Ralftia sp(p). 1.1 2.8 0.6 1.1 0.9 Coral/ina officina/is 5.0 0.8 
Coral/ina vancouveriensis 3.9 1.1 0.8 
'LJ 
Iridaea splendens 2.2 3.9 0.7 
Porphyra perjorata 0.6 2.8 0.6 0.7 
Iridaea heterocarpa 1.7 1.1 0.5 
il Odonthalia floccosa 2.2 0.4 Red crusts 0.6 1.7 0.4 
~ Bossielill plumosa 0.6 0.6 0.6 0.3 
Gelidium coulteri 1.1 0.6 0.3 
'1 Neorhodomela oregonia 0.6 1.1 0.3 u Enteromorpha sp(p) 0.6 0.1 
Iridaea cornucopiae 0.6 0.1 
D Mastocarpus jardinii 0.6 0.1 Neorlwdamela larix 0.6 0.1 
0 Total Macrophyte Cover 84.5 96.7 138.7 135.8 147.9 89.0 Macroinvertebrates - Cover (Percent) 
0 Antlwpleura elegantissima 4.4 7.8 16.7 8.3 8.3 6.7 8.7 Chthamalus sp(p). 9.4 1.1 5.0 2.6 
Tegula funebralis 1.7 0.6 2.8 1.7 3.9 1.8 
0 Balanus glandula 4.4 1.7 0.6 2.8 0.6 1.7 Myti/us calijomianus 0.6 1.7 1.1 0.6 
Littorina scutulatalplena 1.7 0.6 0.6 0.5 
0 "Collis ella" scabra 0.6 0.6 0.2 Lottia digitalis 0.6 0.1 Lottia pelta 0.6 0.1 
Lottia paradigitalis 0.6 0.1 
0 Semibalanus cariosus 0.6 0.1 
Total Macroinvertebrate Cover 24.0 12.4 20.7 10.0 17.3 14.0 
0 
0 
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Table A-7. Macrophyte, macroinvertebrate, and substratum abundances in the Endocladia!Mastocarpus 
assemblage control plots at Kibesillah Hill for fall sampling periods from 1985 to 1992.1 
(continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
r 
Macroinvertebrates - Density (No./0.1875 m1) 
Littorina scutulatalplena 333.8 75.9 59.2 19.2 58.8 30.6 96.3 
LOttia sp(p). 37.5 4.2 14.6 29.2 25.7 6.3 19.6 '· 
Tegulafunebralis 14.0 10.0 15.3 10.0 23.1 10.3 13.8 
Lottia digitalis 17.8 19.9 2.8 7.4 1.0 0.3 8.2 
• Collis ella • scabra 13.6 1.0 0.3 4.3 7.8 11.0 6.3 
Lottia paradigita/is 3.3 0.3 12.1 0.7 2.8 
Lottia pella 5.3 2.8 1.3 2.3 2.0 
Nucella emarginata 2.1 0.7 0.3 0.3 0.3 0.7 0.7 
Lottia asmi 0.3 2.0 0.3 0.4 
Lottia limatula 0.3 0.1 
Mopalia muscosa 0.3 0.1 
Ocenebra circumtexta 0.3 0.3 0.1 
Total Number of Macrophyte Taxa 14 10 13 12 12 12 
Total Number of Macroinvertebrate Taxa 12 11 11 9 15 12 
Total Number of All Taxa 26 21 24 21 27 24 
Substrata - Cover (Percent) 
Rock 31.7 47.8 32.2 41.1 38.3 18.9 35.0 
Bare rock 23.9 15.0 7.2 10.6 3.9 27.2 14.6 
Shell debris 1.7 1.1 0.5 
Sand 0.6 0.1 
L 
1 1985-1989 data are from Kinnetic Laboratories. Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category 
are ranked according to overall means. then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 percent 
because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
c 
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Table A-8. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocarpus assemblage control plots at Kibesillah 
Hill during spring 1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Pelvetia-Pelvetiopsis sp(p). 35.0 34.2 
Endocladia muricata 30.6 24.1 
Mastocarpus papillatus 28.9 34.2 
Fucus gardneri 18.3 18.3 
Cladoplwra columbiana 11.7 20.2 
Petrocelis sp(p). 6.1 2.6 
Iridaea splendens 3.9 1.1 
Odontlwlia jloccosa 3.9 6.7 
Crustose corallines, unident. 2.8 2.6 
Iridaea heterocarpa 1.7 2.9 
Cryptosiplwnia woodii 1.1 1.9 
Ralfsia sp(p). 1.1 1.9 
Total Macrophyte Cover 145.1 
Macroinvertebrates - Cover (Percent) 
Chthamalus sp(p). 5.0 6.0 
Tegula junebralis 5.0 4.4 
Antlwpleura elegantissima 3.3 2.9 
Littorina scutulata!plena 3.3 5.8 
Balanus glandula 1.7 1.7 
• Collis ella • scabra 1.1 1.9 
Mytilus californianus 1.1 1.9 
Lottia digitalis 0.6 1.0 
Total Macroinvertebrate Cover 21.1 
Macroinvertebrates - Density (No./0.1875 m2) 
Littorina scutulata!plena 85.6 129.0 
Tegulafunebralis 33.0 20.1 
• Collis ella • scabra 21.2 15.0 
Lottia sp(p). 6.3 6.3 
Lottia digitalis 5.8 5.2 
Lottia paradigitalis 5.2 9.0 
Lottia asmi 2.8 4.8 
Nucella emarginata 1.3 0.6 
Lottia pelta 0.3 0.6 
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Table A-8. Macropbyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastoocarpus assemblage control plots at 
Kibesillah Hill during spring 1991.1 (continued) 
Standard 
Taxon/Substratum Mean Deviation 
Total Number of Macrophyte Taxa 12 
Total Number of Macroinvertebrate Taxa 13 
Total Number of All Taxa 25 
Substrata - Cover (Percent) 
Rock 45.6 2.6 
Bare rock 10.6 1.0 
Sand 3.3 5.8 
1 Data are from Kinnetic Laboratories, Inc. (1992}. Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabetically if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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0 Table A-9. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control plots at Sea Ranch for fall sampling periods from 1985 to 1992.1 
0 Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Endocladia muricata 26.1 23.3 28.9 16.7 15.6 5.6 19.4 
lJ Mastocarpus papillatus 4.4 3.3 2.8 6.7 2.9 Iridaea splendens 3.3 2.2 2.2 3.9 1.1 2.1 
Petrocelis sp(p). 1.1 1.7 1.7 1.7 1.1 0.6 1.3 
I] Porphyra perjorata 2.2 0.6 0.6 1.1 0.8 Porphyra sp(p). 4.4 0.7 
Porphyra lanceolata 3.3 0.6 
Ralfsia sp(p). 1.7 0.6 0.6 0.5 
0 Polysiphonia hendryi 0.6 1.7 0.4 Analipus japonicus 0.6 1.1 0.3 
Egregia menziesii 1.1 0.2 
0 Callithomnion pikeanum 0.6 0.1 Coral/ina vancouveriensis 0.6 0.1 Crustose corallines, unident. 0.6 0.1 
0 Fucus gardneri 0.6 
0.1 
· Halosaccion americanum 0.6 0.1 
Pelvetia-Pelvetiopsis sp(p). 0.6 0.1 
0 Total Macrophyte Cover 42.7 34.6 37.4 31.8 23.4 7.9 
Macroinvertebrates - Cover (Percent) 
0 Mytilus californianus 93.9 82.8 88.3 91.7 94.4 93.3 90.7 Pollicipes polymerus 3.9 8.3 7.8 6.7 2.2 6.1 5.8 
Balanus glandula 7.8 7.8 2.2 5.6 0.6 8.9 5.5 
lJ Chthoma/us sp(p). 5.6 5.6 5.0 3.9 2.8 8.9 5.3 • Collis ella • scabra 0.6 0.6 3.3 2.8 1.2 
Lottia digitalis 2.2 0.6 1.1 0.7 
0 Nucel/a emarginata 0.6 1.1 0.6 0.4 Anthopleura elegantissima 0.6 0.6 0.2 
Littorina scutu/atalp/ena 1.1 0.2 
[J Lottia pe/ta 1.1 0.2 Lottia /imatu/a 0.6 0.1 
Lottia paradigita/is 0.6 0.1 
Pisaster ochraceus 0.6 0.1 
0 Tegu/a funebralis 0.6 0.1 
Total Macroinvertebrate Cover 114.0 106.3 104.5 114.1 103.4 121.1 
0 
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Table A-9. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control 
plots at Sea Ranch for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
r 
Macroinvertebrates - Density (No./0.1875 m1) 
"Collisella" scabra 14.0 17.4 77.5 68.8 89.8 54.8 53.7 
Lottia digitalis 88.1 59.0 37.9 26.8 6.3 33.0 41.9 
Lottia sp(p ). 43.8 31.3 72.9 39.6 4.2 104.2 32.0 
Lottia pelta 21.8 2.0 6.7 10.8 4.7 13.1 9.9 
Nucella emarginata 8.3 6.0 8.0 6.0 1.7 3.3 5.6 r 
Lottia paradigitalis 6.3 2.0 1.7 3.3 4.1 2.9 
Littorina scutulatalplena 2.4 1.3 6.8 0.3 2.8 2.3 
Tegula funebralis 3.0 0.3 1.7 3.0 1.7 1.6 r 
Gastropoda, unident. 2.1 0.4 
Lottia limatula 0.3 0.7 1.0 0.3 
Leptasterias sp(p). 1.0 0.2 
Ocenebra circumtexta 0.3 0.7 0.2 
Pisaster ochraceus 0.3 0.1 
Strongylocentrotus purpuratus 0.3 0.1 
Tectura scutum 0.3 0.1 r 
Total Number of Macrophyte Taxa 8 9 7 7 7 3 
Total Number of Macroinvertebrate Taxa 12 12 14 18 14 11 
Total Number of All Taxa 20 21 21 25 21 14 
Substrata - Cover (Percent) 
' 
Bare Rock 5.0 3.9 1.7 0.6 1.1 2.1 
Shell debris 1.7 1.1 1.1 3.3 1.7 1.5 
Rock 0.6 1.7 1.7 1.7 0.6 1.1 L 
Sand 1.1 0.2 
' 1985-1989 da!a are from Kinnetic Laborawries, Inc. (1992). Data are means of three ploiS (n=3). Taxa and substtata wilhin each 
category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
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Table A-10. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Sea Ranch during spring 
1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Endocladia muricata 18.3 23.6 
Mastocarpus papiliatus 3.3 5.8 
Pelvetia-Pelvetiopsis sp(p). 3.3 5.8 
· Ralfsia sp(p). 2.2 3.9 
Fucus gardneri 1.7 2.9 
Iridaea splendens 0.6 1.0 
Petrocelis sp(p). 0.6 1.0 
Total Macrophyte Cover 30.0 
Macroinvertebrates - Cover (Percent) 
Mytilus califomianus 91.7 6.0 
Pollicipes polymerus 6.1 2.6 
Balanus glandula 3.9 5.4 
Chthamalus sp(p). 3.3 1.7 
Lottia digitalis 1.7 1.7 
•collisela" scabra 1.1 1.9 
Anthopleura elegantisima 0.6 1.0 
Total Macroinvertebrate Cover 108.4 
Macroinvertebrates - Density (No./0.1875 m2) 
"Collisella" scabra 93.2 45.3 
Lottia digitalis 9.0 3.0 
Lottia sp(p ). 2.1 3.6 
Nucella emarginata 0.7 0.6 
LiUorina scutulata!plena 0.3 0.6 
Lottia paradigitalis 0.3 0.6 
Total Number of Macrophyte Taxa 7 
Total Number of Macroinvertebrate Taxa 11 
Total Number of All Taxa 18 
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Table A-10. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Sea Ranch during spring 
1991.1 (continued) 
Standard 
Taxon/Substratum Mean Deviation 
Substrata - Cover (Percent) 
Shell debris 2.2 2.6 
Bare Rock 1.7 2.9 
Rock 1.1 1.9 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabetically if the 
means are equal. Tota1 percent cover can exceed 100 percent because multiple layers were sampled. 
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0 Table A-11. Macrophyte, macroinvertebrate, and substratum abundances in the MytUus assemblage spring-cleared plots at Sea Ranch for fall sampling periods from 1985 to 1992.1 
0 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Meao 
0 Macrophytes - Cover (Percent) Ralfsia sp(p). 16.1 11.7 16.7 2.8 7.9 
Endocladia muricata 2.8 5.0 13.9 15.0 4.4 6.9 
0 Enteromorpiul linza 23.9 4.0 Petrocelis sp(p). 0.6 0.6 5.6 0.6 7.2 7.8 3.7 Bossie/la plumosa 2.8 3.9 2.8 2.8 7.2 3.3 
Po/ysiphonia hendryi 1.1 13.3 3.3 1.1 1.1 3.3 
0 U/va sp(p). 17.2 0.6 0.6 3.1 Analipus japonicus 1.7 2.8 1.7 9.4 1.7 2.9 
Mastocarpus papilllltus 0.6 0.6 7.2 5.0 1.7 2.5 
!] Crustose corallines. unident. 1.7 3.9 2.8 2.8 1.9 Iridaea sp/endens 0.6 3.9 3.3 1.1 1.7 1.8 \_ Enteromorpiul sp(p). 1.1 2.8 4.4 1.4 
Porphyra sp(p). 7.8 1.3 
0 Chrysophyta, unideot. 3.9 3.3 1.2 Coral/ina vancouveriensis 1.1 2.2 2.2 1.7 1.2 Odonthalia f/occosa 2.2 1.1 0.6 0.6 0.6 0.9 
Petalonia fascia 1.1 1.1 1.1 1.1 0.7 
0 Cladophora columbiana 0.6 1.7 1.1 0.6 Red crusts 1.1 0.6 0.6 1.1 0.6 
Microcladia borealis 1.1 0.6 0.3 
[J Brown Crusts 1.1 0.2 Iridaea heterocarpa 0.6 0.6 0.2 Odontiullia washingtoniensis 0.6 0.6 0.2 
Coral/ina officina/is 0.6 0.1 
[] Fucus gardneri 0.6 0.1 GATGOR 0.6 0.1 
Halosaccion americanum 0.6 0.1 
Iridaea sp(p). 0.6 0.1 
0 Neorhodomelll larix 0.6 0.1 Phaeostrophion i"egulllre 0.6 0.1 Plocamium violaceum 0.6 0.1 
Pterosiphonia pennata 0.6 0.1 [] Total Macrophyte Cover 56.2 37.5 59.2 63.1 56.2 31.9 
0 Macroinvertebrates - Cover (Percent) Chlhmna/us sp(p). 3.3 9.4 13.9 2.2 13.9 7.1 
Mytilus ca/ifornianus 0.6 1.7 4.4 5.6 27.8 6.7 
0 Balanus glandula 1.7 7.8 7.2 1.7 16.7 6.0 Lottia digitalis 0.6 2.8 0.6 0.6 2.2 2.2 1.5 
"Collisella" scabra 1.1 2.2 0.6 
Lottia parndigitalis 2.2 0.6 0.5 [] Pollicipes po/ymerus 0.6 1.7 0.4 Nuce/lll eTnarginata 0.6 0.6 0.6 0.3 
Strongylocentrotus purpuratus 0.6 1.1 0.3 
0 Tectura scutum 0.6 1.1 0.3 Anthop/eura e/egantissiTna 0.6 0.6 0.2 
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Table A-11. Macropbyte, macroinvertebrate, and substratum abundances in tbe Mytilus assemblage spring·deared plots 
at Sea Ranch for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates - Cover (Percent) 
Littorina scutulata/plena 0.6 0.6 0.2 
Nuttallina californica 0.6 0.6 0.2 
PhragiiUllopoma californica 1.1 0.2 
Arnphipoda, unident. 0.6 0.1 
Lottia pelta 0.6 0.1 
Lottia sp(p). 0.6 0.1 
Nucella lamellosa 0.6 0.1 
Pagurus sp(p). 0.6 0.1 c. 
Pisaster ochraceus 0.6 0.1 
Porifera, unident. 0.6 0.1 
Semibalanus cariosus 0.6 0.1 
Total Macroinvertebrate Cover 8.0 16.8 25.8 17.9 18.5 63.0 
r 
Macroinvertebrates - Density (No./0.1875 m') 
~ 
Lottia sp(p). 27.1 172.9 189.6 70.8 56.3 389.6 151.1 
Lottia digitalis 25.6 112.4 85.7 39.3 26.8 15.8 50.9 
"Collisella" scabra 16.3 16.0 33.1 73.2 91.0 33.2 43.8 
'· Littorina scutulata/plena 7.5 47.7 24.5 18.5 9.8 86.0 32.3 
Lottia pella 30.8 0.7 18.3 40.5 3.7 2.7 16.1 
Lottia paradigitalis 0.7 17.3 1.7 15.6 17.7 4.8 9.6 
Nucella emarginata 3.1 5.3 5.3 2.3 0.7 5.7 3.7 
Tectura scutum 4.0 0.3 0.3 2.7 1.3 1.4 
Leptasterias sp(p). 0.3 4.0 1.7 1.0 
Nuttallina californica 1.0 0.3 1.0 1.7 1.3 0.9 
~ 
Total Number of Macrophyte Taxa 8 16 18 18 15 15 
,. 
Total Number of Macroinvertebrate Taxa 16 12 16 19 18 17 L 
Total Number of All Taxa 24 28 34 37 33 32 
Substrata - Cover (Percent) 
' 
Bare rock 42.2 53.3 30.6 41.1 42.8 19.4 38.2 
Rock 26.1 8.3 6.7 13.9 9.4 6.1 11.8 
Shell debris 2.2 0.6 1.7 2.8 1.1 1.7 1.7 
Sand 1.7 0.6 0.4 
1 1985-1989 data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each L 
category are ranked according to overall means, then listed a1(ilabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxon/substrab.Jm was not recorded during that sampling period. 
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D Table A-12. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at Sea Ranch during spring 1991.1 
0 Spring-Cleared Fall-Cleared Taxon/Substratum Mean S.D.' Mean S.D. 
0 Macrophytes - Cover (Percent) 
Raljsia sp(p). 8.3 5.8 3.9 5.4 
0 Endocladia muricata 5.6 8.2 27.8 23.7 Analipus japonicus 2.2 3.9 2.2 1.9 
Bossie/la p/umosa 2.2 2.6 8.3 13.0 
0 Petroce/is sp(p). 2.2 3.9 6.1 4.2 Iridaea splendens 1.1 1.0 2.2 2.6 Chrysophyta, unident. 0.6 1.0 
Cladoplwra columbiana 0.6 1.0 1.1 1.0 
i] Coral/ina vancouveriensis 0.6 1.0 1.1 1.0 Mastocarpus papillatus 0.6 1.0 4.4 2.6 
Crustose corallines, unident. 0.6 1.0 
0 Gelidium coulteri 0.6 1.0 Leathesia diffonnis 0.6 1.0 
Polysiplwnia hendryi 1.7 2.9 
0 Total Macrophyte Cover 24.0 60.6 
Macroinvertebrates - Cover (Percent) 
lJ Myti/us californianus 21.7 3.3 6.1 6.7 
Balanus glandula 10.6 9.2 14.4 12.6 
0 Chtlwma/us sp(p ). 6.7 1.7 3.9 5.4 "Collisella • scabra 3.3 3.3 3.9 1.9 Pol/icipes polymerus 2.2 3.9 2.2 1.0 
0 
Lottia digitalis 0.6 1.0 
Antlwpleura elegantissima 0.6 1.0 
Haliclona permo/lis 0.6 1.0 
Lottia paradigitalis 2.2 2.6 
ij Phragmatopoma californica 1.1 1.9 
L. Tegula funebralis 0.6 1.0 
0 Total Macroinvertebrate Cover 45.1 35.6 Macroinvertebrates - Density (No./0.1875 m1) 
0 • Collis ella • scabra 178.8 106.0 100.4 45.2 Lottia digitalis 14.6 6.2 14.3 13.1 
Lottia sp(p). 14.6 13.0 45.8 68.8 
0 Lottia paradigitalis 4.3 5.9 7.7 4.7 Littorina scutulatalp/ena 2.1 3.6 
Tegula funebralis 2.0 2.0 0.3 0.6 
0 Lottia pella 1.7 1.5 2.3 2.3 
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Table A-12. Macrophyte, macroinvertebrate, and substratum abundances in the MytUus assemblage 
cleared plots at Sea Ranch during spring 1991.1 (continued) 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D! Mean S.D. 
Macroinvertebrates- Density (No./0.1875 m2) 
Nunallina califomica 1.7 1.5 1.7 1.2 
Nucella emarginata 1.3 1.5 
Strongylocentrotus purpuratus 0.3 0.6 
Mopalia muscosa 0.7 1.2 
Total Number of Macrophyte Taxa 10 13 
Total Number of Macroinvertebrate Taxa 14 15 
Total Number of All Taxa 24 28 
Substrata - Cover (Percent) 
Bare Rock 36.1 5.9 22.8 9.5 
Rock 8.3 7.6 19.4 11.1 
Shell Debris 1.7 2.9 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category are 
ranked according to the meam in the spring-cleared plots, then listed a1phabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots 
indicau:d. 
2 S.D. =Standard Deviation 
118 
r 
r 
L 
'-
L 
r 
L 
L 
D 
0 Table A-13. Macropbyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-cleared plots at Sea Ranch for fall sampling periods from 1986 to 1992.1 
0 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
0 Macrophytes • Cover (Percent) Endoc/adia muricata 2.2 19.4 20.6 18.9 12.2 
Mastocarpus papil/atus 2.2 7.8 12.2 8.9 3.3 6.9 
0 Iridilea splendens 10.6 4.4 3.9 7.8 5.0 6.3 Fucus gardneri 0.6 0.6 0.2 Rnlfsia sp(p). 10.0 6.1 0.6 2.2 3.8 
Petrocelis sp(p). 3.9 3.9 6.1 0.6 2.9 
0 Cladophora columbiana 0.6 10.0 2.1 Polysiphonia hendryi 0.6 4.4 2.8 6.1 2.8 
Petalonia fascia 7.8 1.1 1.1 2.0 
,] Bossie/la plumosa 1.7 0.6 3.9 1.2 Analipus japonicus 1.7 0.6 2.2 1.1 1.1 
Corallina vancouveriensis 3.3 1.7 1.0 
Odontholia floccosa 0.6 3.9 0.9 
[] lridilea heterocarpa 3.3 0.6 0.8 Enterorrwrpho sp(p). 0.6 1.7 0.5 
Brown crusts 2.2 0.4 
Crustose corallines, unident. 0.6 0.6 0.6 0.4 
0 Porphyra lanceolata 1.7 0.3 Red crusts 1.7 0.3 
Scytosiphon lomentaria 1.7 0.3 
l] Bossie/la sp(p). 1.1 0.2 Polysiphonia nathoniellii 1.1 0.2 Ulva sp(p). 0.6 0.6 0.2 
Halosaccion americanum 0.6 0.1 
[J Leathesia dijformis 0.6 0.1 Microcladia borealis 0.6 0.1 
Pelvetia-Pelvetiopsis sp(p). 0.6 0.1 
Red blades 0.6 0.1 
[] Total Macrophyte Cover 35.2 34.0 54.1 57.0 59.0 
ll Macroinvertebrates • Cover (Percent) I_ ChJhomalus sp(p). 6.1 13.9 26.1 12.2 7.8 13.2 
Balanus glandula 5.6 12.8 6.1 6.1 6.7 7.5 
[1 Mytilus californianus 1.7 8.9 2.1 • Collis ella • scabra 0.6 1.1 2.2 1.1 0.6 1.1 
Lottia digitalis 1.1 2.2 1.7 1.0 
Pollicipes polymerus 0.6 1.1 1.7 1.7 1.0 
0 Littorina scutulatalplena 1.7 0.6 0.5 Phragmo.topoma californica 0.6 1.1 0.3 Lottia paradigitalis 0.6 0.6 0.2 
Lottia pelta 0.6 0.6 0.2 [J Nuttallina californica 0.6 0.6 0.2 Lottia limo.tula 0.6 0.1 
Polychaeta, unident. 0.6 0.1 
0 Tegu/a funebralis 0.6 0.1 Tetraclita rubescens 0.6 0.1 
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TableA-13. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-
'-
cleared plots at Sea Ranch for faD sampling periods from 1986 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
' Macroinvertebrates - Cover (Percent) 
'-
Total Macroinvertebrate Cover 14.0 28.4 41.8 25.7 29.8 
r 
Macroinvertebrates - Density (No./0.1875 m') 
Lottia sp(p). 120.8 41.7 39.6 52.1 100.0 70.8 
"Col/ise/la" scabra 100.5 55.7 68.1 78.8 10.3 62.7 
Lortia digitalis 31.1 44.5 52.5 18.2 27.5 34.8 
Littorina scutulata/p/ena 9.8 13.4 66.5 30.0 23.2 28.6 
Lortia paradigita/is 17.3 8.7 12.5 9.1 4.1 10.3 
Lottia pella 4.3 19.0 1.0 7.3 16.2 9.6 
Nuce/la emarginata 2.0 2.3 6.3 2.7 3.0 3.3 
Nuttallina ca/ifomica 0.3 0.7 2.0 0.6 
Ocenebra circumtexta 1.0 2.1 0.6 ,. 
Lortia limatula 1.0 1.0 0.3 0.5 
Strongylocentrotus purpuratus 0.3 0.1 k 
Tegula[unebralis 0.3 1.0 1.3 0.5 
Leptasterias sp(p). 0.3 0.3 0.3 0.2 
Lepidochitona dentiens 0.3 0.1 
Lottiaasmi 0.3 0.1 
Nemertea, unident. 0.3 0.1 
Total Number of Macrophyte Taxa 8 12 15 16 13 k 
Total Number of Macroinvertebrate Taxa 12 12 15 16 18 
Total Number of AU Taxa 20 24 30 32 31 k 
Substrata - Cover (Percent) ,. 
L 
Bare rock 56.7 42.2 25.0 32.2 24.4 36.1 
Rock 19.4 10.6 22.8 18.3 25.6 19.3 
Shell debris 1.1 2.2 5.0 3.9 2.4 
Sand 0.6 0.1 L 
1 1986-1989 data are from Kinnetic LaboratDries,loc. (1992). Data are means of three plots (n=3). Taxa and substrata within 
each category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover 
'· 
can exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxonlsubstranun was not recorded during 
that sampling period. 
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Table A-14. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia!Mastocarpus assemblage control plots at Sea 
Ranch during spring 1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Endocladia muricata 46.7 30.6 
Pelvetia-Pelvetiopsis sp(p). 18.9 31.3 
Cladoplwra columbiana 17.8 16.7 
Petrocelis sp(p). 15.0 18.8 
Mastocarpus papillatus 10.0 5.0 
Cryptosiplwnia woodii 5.0 7.3 
Fucus gardneri 5.0 8.7 
Ralftia sp(p). 1.7 1.7 
Analipis japonicus 1.1 1.9 
Corollina vancouveriensis 1.1 1.9 
Mastocarpus jardinii 1.1 1.0 
Neorlwdomela larix 1.1 1.9 
Plocamium violaceum 1.1 1.9 
mva sp(p). 1.1 1.9 
Callitlwmnion pikeanum 0.6 1.0 
Iridaea splendens 0.6 1.0 
Total Macrophyte Cover 127.9 
Macroinvertebrates - Cover (Percent) 
Antlwpleura elegantissima 5.0 8.7 
Chtlwmalus sp(p ). 2.8 3.5 
Balanus glandula 2.2 3.9 
"Collisella" scabra 0.6 1.0 
Tegula funebralis 0.6 1.0 
Total Macroinvertebrate Cover 11.2 
Macroinvertebrates - Density (No./0.1875 m1) 
Lottia sp(p). 49.6 19.1 
"Collisella • scabra 22.1 19.9 
Lottia digitalis 3.7 3.5 
Tegula funebralis 3.7 5.5 
Lottia pelta 1.0 1.7 
Lillorina scutulata!plena 0.3 0.6 
Nucella emarginata 0.3 0.6 
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Table A-14. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocarpus assemblage control plots at Sea 
Ranch during spring 1991.1 (continued) 
Taxon/Substratum Mean 
Total Number of Macrophyte Taxa 16 
Total Number of Macroinvertebrate Taxa 10 
Total Number of All Taxa 26 
Substrata - Cover (Percent) 
Rock 
Bare rock 
30.6 
7.8 
Standard 
Deviation 
17.5 
7.5 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabetically if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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D TableA-15. Macrophyte, macroinvertebrate, and substratum abundances in the Endocladia/Mastocarpus assemblage control plots at Sea Ranch for fall sampling periods from 1985 to 1992.1 
D Taxon/Substratum 1985 1986 1987 
Overall 
1988 1989 1992 Mean 
D 
Macrophytes - Cover (Percent) 
Endocladia muricata 45.6 50.6 41.1 48.9 57.8 48.3 48.7 
Mastocarpus papillatus 19.4 12.8 19.4 15.0 23.3 21.1 18.5 
D Fucus gardneri 10.0 16.7 11.1 25.0 13.3 18.3 15.7 Cladophora colwnbiana 8.9 12.2 12.8 10.6 13.3 17.2 12.5 Petrocelis sp(p). 7.2 10.0 2.8 4.4 10.0 5.0 6.6 
Pelvetia-Pelvetiopsis sp(p). 2.8 5.0 11.7 12.2 3.3 5.8 
D Corallina vancouveriensis 1.1 3.9 4.4 3.9 3.3 1.7 3.1 Iridaea splendens 1.1 1.1 0.6 0.6 0.6 1.7 1.0 
Crustose corallines. unident. 1.1 1.1 1.7 0.6 0.6 0.9 
0 Cryptosiphonia woodii 0.6 0.6 3.9 0.9 Brown crusts 3.3 1.1 0.7 Iridaea heterocarpa 1.7 1.7 0.6 
Porphyra per:forata 1.1 1.1 .1.1 0.6 
0 Rlllfsia sp(p). 0.6 0.6 1.7 0.5 Bossie/la phmwsa 0.6 0.6 0.6 0.6 0.4 Corallina ojjicinalis 2.2 0.4 
Ulva sp(p). 0.6 1.7 0.4 
D Halosaccion americanum 0.6 0.6 0.6 0.3 Odontholia jloccosa 0.6 1.1 0.3 
Porphyra lancealata 0.6 1.1 0.3 
D 
Porphyra sp(p). 1.7 0.3 
Analipus japonicus 0.6 0.6 0.2 
Mastocarpus jardinii 1.1 0.2 
Polysiphonia hendryi 1.1 0.2 
D 
Prionitis lanceoloJa 1.1 0.2 
Calliarthron tuberculosum 0.6 0.1 
Callithomnion pikeanum 0.6 0.1 
Neorhodomela larix 0.6 0.1 
D Red crusts 0.6 0.1 Total Macrophyte Cover 102.9 114.2 103.4 127.6 137.3 130.6 
0 Macroinvertebrates - Cover (Percent) 
Anlhopleura elegantissima 3.3 2.8 8.9 2.8 1.1 3.2 
II Chthomalus sp(p). 7.2 0.6 3.9 3.9 2.2 1.1 3.2 Balanus glandula 5.6 5.6 1.7 0.6 0.6 2.4 u Anthopleura xanthogrammica 1.1 1.7 0.5 
Tegula funebralis 0.6 0.6 0.6 1.1 0.5 
D Pisaster ochraceus 2.2 0.4 Lottia pella 0.6 0.6 0.6 0.3 Mytilus californianus 0.6 0.6 0.6 0.3 
Lottia digitalis 0.6 0.6 0.2 
0 "Collisella • scabra 0.6 0.1 Pagurus sp(p). 0.6 0.1 
Tonicella linea/a 0.6 0.1 
~ Total Macroinvertebrate Cover 16.1 7.0 11.3 16.2 7.9 7.9 
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Table A-15. Macropbyte, macroinvertebrate, and substratum abundances in the Endocladill!Mastocarpus assemblage 
control plots at Sea Rancb for fall sampling periods from 1985 to 1992.1 (continued) 
r 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean L 
Macroinvertebrates - Density (No./0.1875 m') 
Lottia sp(p). 72.9 29.2 145.8 20.8 31.3 75.0 38.2 
Littorina scutulata/plena 3.7 13.8 3.4 58.7 9.3 14.8 r 
Littorina keenae 42.3 7.1 
"Collisella" scabra 9.8 18.4 3.0 4.8 1.3 6.2 
Lottia digitalis 14.2 1.3 6.3 2.7 8.1 1.3 5.7 r 
Tegulafunebralis 2.7 10.0 2.7 9.1 4.1 
Lottia pelta 1.3 1.3 1.7 1.0 2.0 1.3 1.4 L 
Lottia paradigitalis 2.0 1.7 2.0 0.3 1.0 
Nucella emarginata 0.7 0.3 4.7 0.3 1.0 r 
Locuna sp(p). 4.2 0.7 
Epitonium tinctum 1.0 0.2 
Lottia limatula 0.7 0.3 0.2 
Ocenebra circumtexta 0.3 0.7 0.2 r 
Pisaster ochraceus 0.3 1.0 0.2 
Tectura scutum 1.0 0.3 
L 
0.2 
Lepidochitona dentiens 0.3 0.3 0.1 
r 
Leptasterias sp(p). 0.3 0.1 
Lottia ochracea 0.3 0.1 L 
Mopalia muscosa 0.3 0.1 
Strongylocentrotus purpuratus 0.3 0.1 
Tonicella lineata 0.3 0.3 0.1 
L 
Total Number or Macropbyte Taxa 14 14 14 17 13 17 
r 
Total Number or Macroinvertebrate Taxa 8 16 12 16 17 12 
L 
Total Number or All Taxa 22 30 26 33 30 29 
Substrata - Cover (Percent) 
' L 
Rock 29.4 33.9 40.0 37.2 38.9 32.2 35.3 
Bare rock 13.3 12.2 20.6 7.8 6.1 7.2 11.2 
Shell debris 1.7 0.6 2.8 1.7 1.1 L 
Sand 0.6 3.3 1.7 0.9 
1 1985-1989 data are from Kinnetic Laborarories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category L 
are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 percent 
because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
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0 Table A-16. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control plots at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 
n Overall u Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Bossie/la plumosa 13.3 10.0 6.1 9.4 3.9 7.2 
D Crustose corallines, unident. 13.3 4.4 3.9 6.1 1.1 1.7 5.1 Petrocelis sp(p). 9.4 1.7 1.9 
Eruiocladia muricata 2.2 2.2 0.6 4.4 0.6 0.6 1.8 
n A1Ullipus japonicus 3.9 4.4 1.7 1.7 
u Cladophora columbi01Ul 4.4 0.6 2.2 1.2 Ulva sp(p). 4.4 1.1 1.1 0.6 1.2 
Coralli1Ul vancouveriensis 6.7 1.1 
0 GATGOR 3.3 0.6 2.8 1.1 Red crusts 3.9 0.7 
Iridaea spleruiens 0.6 1.7 0.6 0.5 
0 Porphyra peiforata 0.6 1.7 0.6 0.5 Coralli1Ul officina/is 1.7 0.6 0.4 
Mastocarpus papillatus 1.7 0.3 
!] Pelvetia-Pelvetiopsis sp(p). 1.7 0.3 Binghamiopsis caespitosa 1.1 0.2 
Cyliruirocarpus rugosus 1.1 0.2 
Polysiphonia heruiryi 0.6 0.6 0.2 
I] Ralfsia sp(p). 0.6 0.1 Red blades 0.6 0.1 
J Total Macrophyte Cover 64.4 27.9 16.2 30.6 7.9 5.7 
Macroinvertebrates - Cover (Percent) 
!I Mytilus californianus 30.0 52.8 70.0 65.0 86.1 80.6 64.1 
LJ Balanus glandula 6.1 11.1 11.1 13.3 11.1 16.7 11.6 
Pollicipes polymerus 4.4 10.0 15.6 14.4 11.7 6.1 10.4 
'l Tetraclita rubescens 10.6 10.6 6.1 9.4 8.3 16.1 10.2 u Chthamalus sp(p). 5.0 3.9 3.3 2.2 0.6 4.4 3.2 
• Collis ella • scabra 3.9 0.6 3.3 3.3 1.1 2.0 
D Nuttalli111l califomica 2.2 0.6 1.7 0.6 0.9 Lottia digitalis 1.7 0.6 1.1 0.6 Lottia pella 1.1 1.1 0.4 
Haliclo1Ul sp(p). 1.1 0.2 
'1 Lottia limatula 0.6 0.6 0.2 I~ Halichoruiria panicea 0.6 0.1 
Leptasterias sp(p). 0.6 0.1 [J Lottia gigantea 0.6 0.1 Mytilus edulis 0.6 0.1 
• -I 
I I 
Total Macroinvertebrate Cover 66.2 90.2 106.7 112.7 122.3 126.1 
u 
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Table A-16. Macrophyte, macroinvertebrate, and substratum abuudances in the Mytilus assemblage control 
plots at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates- Density (No./0.1875 m2) 
"Collisella" scabra 71.4 42.1 42.3 104.4 85.7 33.3 63.1 
Lottia digitalis 25.4 42.3 31.1 69.6. 9.0 9.8 31.2 
Lottia sp(p ). 18.8 12.5 41.7 8.3 2.1 13.9 
Nunallina califomica 24.0 11.7 7.7 14.7 8.7 2.0 11.5 
Lottia limatula 3.3 2.7 3.3 5.3 36.0 . 12.3 10.5 
Linorina scutulatalplena 6.9 0.3 6.6 10.8 19.1 7.3 
Lottia pella 7.5 4.3 6.0 2.0 1.3 8.4 4.9 
Lottia paradigitalis 1.0 15.0 1.0 1.7 1.3 3.3 
Lottia gigantea 0.3 0.7 0.3 0.3 0.3 
Leptasterias sp(p). 0.3 0.7 0.2 
Nucella emarginata 1.0 0.3 0.2 
Lepidochitona dentiens 0.3 0.1 
Tegula bru1UII!a 0.3 0.1 
Total Number or Macrophyte Taxa 13 11 8 9 5 4 
Total Number or Macroinvertebrate Taxa 16 14 15 15 15 13 
Total Number of All Taxa 29 25 23 24 20 17 
Substrata - Cover (Percent) 
Bare rock 6.7 4.4 0.6 0.6 0.6 2.2 
Rock 6.1 1.7 0.6 3.3 2.0 
Shell debris 0.6 1.1 1.1 0.5 
L 
1 1985-1989 data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each 
category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxon/substrab.lm. was not recorded during that sampling period. 
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Table A-17. Macropbyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Pescadero Rocks during 
spring 1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Porphyra lanceolata 4.4 7.7 
Endocladia muricata 3.3 5.8 
Porphyra perforata 2.2 3.9 
Coral/ina vancouveriensis 1.1 1.9 
Analipus japonicus 0.6 1.0 
Bossie/la plumosa 0.6 1.0 
Ulva sp(p). 0.6 1.0 
Tota1 Macrophyte Cover 12.8 
Macroinvertebrates - Cover (Percent) 
Mytilus califomianus 90.6 5.1 
Balanus glandula 18.9 8.2 
Tetraclita rubescens 9.4 2.6 
Pollicipes polymerus 5.6 1.9 
Chthamalus sp(p). 2.2 3.9 
"Collisella" scabra 1.7 0.0 
Lottia digitalis 1.7 1.7 
Antlwpleura elegantissima 0.6 1.0 
Pachygrapsus crassipes 0.6 1.0 
Total Macroinvertebrate Cover 131.3 
Macroinvertebrates - Density (No./0.1875 m1) 
"Collisella • scabra 48.1 25.0 
Lottia digitalis 41.8 19.6 
Lottia paradigitalis 13.7 22.8 
Lottia limatula 9.1 6.7 
Lottia sp(p ). 4.2 3.6 
Littorina scutulatalplena 1.7 1.5 
Nuttallina califomica 1.3 2.3 
Lottia pella 1.0 1.0 
Lottia gigantea 0.3 0.6 
Mopalia muscosa 0.3 0.6 
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Table A-17. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Pescadero Rocks during 
spring 1991.1 (continued) 
Taxon/Substratum Mean 
Total Number of Macrophyte Taxa 7 
Total Number of Macroinvertebrate Taxa 17 
Total Number of All Taxa 24 
Substrata - Cover (Percent) 
Rock 
Shell debris 
0.6 
0.6 
Standard 
Deviation 
1.0 
1.0 
1 Data are from Kinneti.c Laboratories. Inc. (1992). Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to lhe means. then listed alphabetically if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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0 TableA-18. Macrophyte, macroinvertebrate,and substratum abundances in the Mytilus assemblage spring-cleared plots at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 
Overall 
0 Taxon/Substratom 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) Bossie/la p/umosa 23.3 58.3 35.0 42.2 27.8 31.1 
Iridaea splendens 1.1 36.1 47.8 37.8 12.2 1.1 22.7 
0 U/va sp(p). 85.0 3.9 20.6 15.6 4.4 21.7 Crustose corallines, unident. 0.6 30.0 12.8 8.3 10.0 6.1 11.3 Corallina vancouveriensis 0.6 6.7 21.7 10.6 1.7 6.9 
Analipus japonicus 8.3 1.1 8.9 7.8 . 6.1 5.4 
0 Cladophora columbiana 5.6 6.7 7.8 3.9 4.0 GATGOR 6.7 5.6 0.6 0.6 3.3 0.6 2.9 
Po/ysiphonia hendryi 1.1 7.2 6.1 2.2 2.8 
:1 Egregia menziesii 1.1 10.6 4.4 2.7 Cy/indrocarpus rugosus 6.7 3.3 1.7 
u Coral/ina officina/is 0.6 1.7 7.2 1.6 
Mastocarpus papillatus 0.6 1.1 2.2 0.6 0.8 
n Rhodoglossum affine 2.8 1.1 0.7 Chrysophyta, unident. 2.8 0.5 L} Plocamium violaceum 0.6 1.1 1.1 0.5 
Red jilatnents 2.8 0.5 
n Binghomiopsis caespitosa 0.6 1.1 0.6 0.4 lcJ Mastocarpus jardinii 2.2 0.4 
Pelvetia·Pelvetiopsis sp(p). 0.6 1.7 0.4 
Prionitis lanceolata 1.1 0.6 0.3 
0 Ralfsia sp(p). 0.6 0.6 0.6 0.3 Cladophora stimpsonii 1.1 0.2 
Petalonia fascia 1.1 0.2 
0 Petroce/is sp(p). 0.6 0.6 0.2 Red crusts 1.1 0.2 Scytosiphon lomentaria 0.6 0.6 0.2 
Brown blades 0.6 0.1 
0 Choetomorpho /inurn 0.6 0.1 Colpomenia sinuosa 0.6 0.1 
Enteromorpho linza 0.6 0.1 
Iridaea heterocarpa 0.6 0.1 
0 Microcladia borealis 0.6 0.1 Porphyra sp(p). 0.6 0.1 
Red blades 0.6 0.1 
'I Total Macrophyte Cover 102.7 124.6 178.2 153.5 107.2 58.5 
u 
Macroinvertebrates - Cover (Percent) 
0 Mytilus californianus 3.3 8.9 15.6 20.6 36.1 14.1 Balanus glandula 2.2 3.3 1.7 3.3 15.0 4.3 
Tetraclita rubescens 0.6 3.3 6.1 1.7 
0 NUltal/ina californica 0.6 0.6 1.7 1.7 3.3 1.3 Chthomalus sp(p). 1.1 2.8 0.7 
"Col/isella" scabra 1.7 0.6 1.1 0.6 
0 Lottia digitalis 1.7 0.6 0.6 0.5 Porifera, unident. 1.7 0.6 0.4 
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TableA-18. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage spring-cleared plots 
at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates - Cover (Percent) 
Lottia pella 0.6 1.1 0.3 
Pollicipes polymerus 0.6 0.6 0.6 0.3 
Haliclona permollis 1.1 0.2 
Semiba/anus cariosus 0.6 0.1 
Total Macroinvenebrate Cover 4.5 11.2 11.2 20.2 34 64.5 r 
Macroinvertebrates - Density (No./0.1875 m') 
"Collise//a' scabra 24.1 76.8 2.0 16.8 78.2 41.8 40.0 
Lottia sp(p). 12.5 37.5 20.8 81.3 29.2 12.5 32.3 
Lottia digitalis 8.6 37.3 8.0 8.5 14.0 2.7 13.2 
Nuttallina califomica 2.7 5.0 1.7 4.3 35.9 28.7 13.1 
Littorina scutulata/p/ena 27.1 1.0 47.9 12.7 
Lottia paradigitalis 6.0 1.3 9.9 7.3 3.0 4.6 
'-
Lottia pella 2.3 11.1 3.0 4.0 1.3 5.1 4.5 
Lottia limotula 0.3 0.3 0.3 0.3 4.0 8.5 2.3 
Tonice//a lineata 2.1 0.4 
Lottia gigantea 1.0 0.3 0.3 0.3 
Lepidochitona hanwegii 1.0 0.2 
Fissure/Ja volcana 0.3 0.3 0.1 
Leptasterias sp(p). 0.7 0.1 
Strongylocentrotus purpuratus 0.7 0.1 
Tegula brunnea 0.3 0.1 
Total Number of Macrophyte Taxa 15 14 19 18 13 12 
Total Number of Macroinvertebrate Taxa 8 14 13 12 13 16 
Total Number of All Taxa 23 28 32 30 26 28 L 
Substrata - Cover (Percent) 
Rock 27.8 6.1 3.9 4.4 3.9 6.1 8.7 
Bare rock 7.2 8.9 3.9 2.8 2.8 4.3 
Shell debris 1.1 0.6 0.3 
L 
' 1985-1989 data are from Kimletic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each 
category are ranked according to overall means. then listed a1pbabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxonlsubstratllm was not recorded during that sampling period. 
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0 Table A-19. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at Pescadero Rocks during spring 1991.1 
:] Spring-Cleared Fall-Cleared Taxon/Substratum Mean S.D.2 Mean S.D. 
n Macrophytes - Cover (Percent) 
Bossiella plumosa 33.9 17.5 40.6 26.9 
C} Analipus japonicus 11.1 6.3 8.9 10.2 Iridaea splendens 10.0 8.8 5.0 1.7 
Crustose corallines, unident. 7.8 9.5 7.8 4.2 
,'1 Coral/ina vancouveriensis 6.7 1.7 14.4 12.5 
u Mastocarpus jardinii 3.3 1.7 3.9 5.4 Cladophora columbiana 2.8 3.5 4.4 7.7 
'1 
Ralfsia sp(p). 2.2 3.9 0.6 1.0 
Plocamium violaceum 1.1 1.9 0.6 1.0 
u Binghamiopsis caespitosa 0.6 1.0 
Mastocarpus papillatus 0.6 1.0 7.8 13.5 
0 Polysiphonia hendryi 0.6 1.0 Porphyra lonceolata 0.6 1.0 0.6 1.0 
mva sp(p). 0.6 1.0 2.2 2.6 
D GATGOR 5.6 9.6 Egregia menziesii 5.0 8.7 Iridaea sp(p). 3.3 5.8 
Endacladia muricata 1.1 1.9 
i] Petrocelis sp(p). 1.1 1.9 Red crusts 1.1 1.9 
Calliarthron tuberculosum 0.6 1.0 
0 Enteromorpho linza 0.6 1.0 Gigartina canaliculata 0.6 1.0 
Green filaments 0.6 1.0 
0 Porphyra peiforata 0.6 1.0 Total Macrophyte Cover 81.9 117.0 
n Macroinvertebrates - Cover (Percent) u 
Mytilus californianus 30.0 18.0 10.6 7.9 
0 Balanus glandula 12.2 6.7 2.8 2.6 Tetraclita rubescens 7.2 5.4 3.3 2.9 
Nuttallina californica 2.2 1.9 3.3 1.7 
:1 Chthomalus sp(p). 1.7 1.7 0.6 1.0 u Lottia digitalis 1.7 1.7 1.1 1.9 Haliclona permo/lis 1.1 1.9 
Strongylocentrotus purpuratus 1.1 1.9 
0 Lottia pelta 0.6 1.0 Pollicipes polymerus 0.6 1.0 
0 Total Macroinvertebrate Cover 55.0 25.1 
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Table A-19. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Pescadero Rocks during spring 1991.1 (continued) 
Spring-Cleared Fall-Cleared 
Taxon/Substratum Mean S.D.' Mean S.D. 
Macroinvertebrates - Density (No./0.1875 m2) 
Lottia digitalis 73.4 71.8 31.9 28.4 
"Collise//a • scobra 72.3 44.7 16.4 27.6 
Lottia paradigitalis 27.8 48.2 12.0 19.9 
Lottia sp(p ). 25.0 27.2 12.5 16.5 
Nuttallina califomica 23.1 6.2 19.7 13.1 
Littorina scutu/ata!p/ena 10.4 18.0 
Lottia limatu/a 2.8 4.8 
Lottia asmi 0.7 1.2 
Leptasterias sp(p). 0.3 0.6 
Lottia pelt a 0.3 0.6 6.5 11.3 
Strongylacentrotus purpuratus 2.7 4.6 
Fissurella volcano 0.7 0.6 
Tegu/a pu/ligo 0.3 0.6 
Total Number of Macrophyte Taxa 14 23 
Total Number of Macroinvertebrate Taxa 14 15 
Total Number of All Taxa 28 38 
Substrata - Cover (percent) 
Rock 5.0 1.7 4.4 3.5 
Bare rock 4.4 5.1 4.4 3.8 
Shell debris 0.6 1.0 
1 Data are from Kinnetic Laboratories. Inc. (lm). Data are means of three plots (n=3). Taxa and substrata within each category are 
ranked according to the means in the spring-cleared plots, then listed alphabetically if the mearu; are equal. Tota1 percent cover can 
exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots 
indicated. 
2 S.D. =Standard Deviation 
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0 Table A-20. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-cleared plots at Pescadero Rocks for fall sampling periods from 1986 to 1992.1 
n Overall Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
u 
D Macrophytes - Cover (Percent) Bossiella plumosa 5.6 61.7 46.1 25.6 30.6 33.9 
Iridnea splendens 13.3 42.2 37.8 17.8 3.3 22.9 
0 Egregia menziesii 43.9 18.3 13.3 20.6 0.6 19.3 Ulva sp(p). 36.1 16.7 16.1 6.7 7.8 16.7 Crustose corallines, unident. 28.9 7.2 16.1 13.3 8.9 14.9 
Cladophora columbiana 5.0 3.9 17.2 13.3 2.2 8.3 [l Analipus japonicus 6.1 4.4 10.0 11.7 6.7 7.8 
' I u Coral/ina vancouveriensis 0.6 2.8 13.9 2.2 3.9 
Corallina ujficinalis 1.1 1.1 11.7 2.8 
:1 Polysiphonia hendryi 7.8 2.8 1.1 1.1 2.6 Mastocarpus papillatus 2.2 5.6 4.4 2.4 u Rhodoglossum uffine 3.3 1.7 0.6 0.6 1.1 1.5 
Chaetomorpho linum 6.1 1.1 1.4 
0 Cylindrocarpus rugosus 1.7 1.1 2.2 1.1 1.2 Ralfsia sp(p). 0.6 0.6 1.7 0.6 2.2 1.1 GATGOR 4.4 0.6 1.0 
Colpomenia sp(p). 3.3 0.6 0.8 
1 Iridaea heterocarpa 3.3 0.7 
u Pelvetia-Pelveliopsis sp(p). 1.1 0.6 1.1 0.6 
Petrocelis sp(p). 0.6 0.6 0.2 
] Red crusts 1.1 0.2 Binghamiopsis caespitosa 0.6 0.1 Ceramium eatonianum 0.6 0.1 
Colpomenia peregrina 0.6 0.1 
0 Endocladia muricata 0.6 0.1 Phoeostrophion irregulare 0.6 0.1 
Total Macrophyte Cover 157.3 175.1 171.7 134.2 85.7 
u Macroinvertebrates - Cover (Percent) 
Mylilus californianus 0.6 3.3 6.1 17.8 5.6 
ll Balanus glandula 0.6 7.2 1.6 
u NUI/allina califomica 1.7 1.7 3.9 1.5 
Tetraclita rubescens 0.6 1.1 5.6 1.5 
0 "Collisella" scabra 0.6 1.7 2.2 0.9 Pollicipes polymerus 0.6 1.7 0.5 Porifera, unident. 0.6 0.6 0.2 
Haliclona permollis 0.6 0.1 
0 Lollia digitalis 0.6 0.1 Lollia parndigitalis 0.6 0.1 Lollia pella 0.6 0.1 
Strongylocentrotus purpura/us 0.6 0.1 [J Total Macroinvertebrate Cover 1.8 0.6 8.5 12.9 37.4 
n u 
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Table A-20. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-
cleared plots at Pescadero Rocks for fall sampling periods from 1986 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
Macroinvertebrates -Density (No./0.1875 m1) 
Lottia sp(p). 8.3 52.1 110.4 8.3 10.4 37.9 
"Col/isella" scabra 21.8 4.8 23.2 72.3 18.5 28.1 
Nuttalliflll californica 3.3 3.7 5.3 15.3 30.0 11.5 
Lottia digitalis 5.8 6.3 1.3 7.4 19.2 8.0 
Lottia pella 15.3 3.3 5.3 2.0 7.0 6.6 
Lottia paradigitalis 2.8 2.7 10.7 8.0 6.1 6.1 
Littoriflll scutulata!pleTIIl 2.1 2.1 2.1 1.3 
Lottia limatula 0.3 0.7 1.0 1.0 2.4 1.1 
Lepidochitoflll dentiens 1.3 0.3 
Leptasterias sp(p). 1.3 0.3 0.3 r 
Tectura scutum 1.3 0.3 
Diodora aspera 1.0 0.2 
Acmaea mitra 0.3 0.1 
Anisodoris nobilis 0.3 0.1 
Crepidula adunca 0.3 0.1 
Fissurella volcano 0.3 0.1 
Pugettia producta 0.3 0.1 
Strongylocentrotus purpuratus 0.3 0.1 
Tegula brunnea 0.3 0.1 
Total Number of Macrophyte Taxa 16 16 16 16 17 
Total Number of Macroinvertebrate Taxa 15 11 11 14 13 
Total Number of All Taxa 31 27 27 30 30 
Substrata - Cover (Percent) 
Rock 20.6 4.4 8.9 7.8 2.2 8.8 
Bare rock 1.7 5.0 2.2 2.8 7.2 3.8 
Shell debris 0.6 0.6 0.2 
Sand 0.6 0.1 
1 1986-1989 dala are from Kinnetic Laboratories, loc. (1992). Data are means of three plots (n=3). Taxa and substrata within 
each category are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover 
can exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxonlsubstrab.UD. was not recorded during 
lhat sampling period. 
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0 Table A-21. Macrophyte, macroinvertebrate, and substratum abundances in the Endoclmlia/Mastocarpus assemblage control plots at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 
0 Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
D Macrophytes - Cover (Percent) 
Endoclmlia muricata 69.4 72.8 48.3 55.0 53.9 50.0 58.2 
0 Mastocarpus papillatus 52.8 34.4 35.0 41.7 29.4 23.9 36.2 Pelvetia-Pelvetiopsis sp(p). 12.2 7.8 16.1 14.4 15.6 21.1 14.5 
Crustose corallines, unident. 28.3 8.9 22.2 3.3 1.7 5.0 11.6 
n Rhodoglossum affine 12.8 13.3 13.3 6.1 6.7 10.0 10.4 Clmlophora columbiana 7.2 10.0 7.8 7.8 4.4 5.0 7.0 L_, Ulva sp(p). 5.0 0.6 6.1 8.3 5.0 2.8 4.6 
Red crusts 3.3 1.1 3.9 1.1 3.3 2.1 
c-1 GATGOR 5.0 3.9 1.7 0.6 1.9 I 
'',_! Iridaea splendens 0.6 5.6 3.9 1.1 1.9 
Gelidium pusillum 0.6 5.6 2.8 1.5 
0 Chaetomorpha linum 3.3 1.1 0.6 0.8 Gelidium coulteri 1.1 2.2 1.7 0.8 
Petrocelis sp(p). 2.2 1.1 1.1 0.7 
r~ Analipus japonicus 0.6 1.1 0.6 0.6 0.6 0.6 Porphyra lanceolata 1.1 1.7 0.5 u Coral/ina vancouveriensis 0.6 0.6 0.2 
Cylindrocarpus rugosus 1.1 0.2 
~ 
u Brown crusts 0.6 0.1 Mastocarpus jardinii 0.6 0.1 
Polysiphonia hendryi 0.6 0.1 
0 Total Macrophyte Cover 197.8 169.0 163.4 148.3 120.7 125.1 
" 
Macroinvertebrates - Cover (Percent) 
u Balanus glandula 3.3 5.0 0.6 2.2 1.1 1.7 2.3 
Mytilus californianus 2.2 0.6 0.6 1.1 0.8 
'l Littorina scutulatalplena 4.4 0.7 lJ • Collis ella • scabra 0.6 1.7 0.6 0.5 
Chthamalus sp(p). 1.1 0.2 
[J Lottia digitalis 0.6 0.1 
Total Macroinvertebrate Cover 12.2 5.6 1.2 2.2 3.9 2.3 
0 Macroinvertebrates- Density (No./0.1875 m2) 
Littorina scutulatalplena 4.5 62.5 52.4 6.6 57.3 103.0 47.7 
0 Lottia sp(p). 4.2 41.7 31.3 56.6 2.1 14.6 25.1 "Collis ella • scabra 14.4 1.3 16.8 18.5 46.8 13.1 18.5 
0 
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Table A-21. Macropbyte, macroinvertebrate, and substratum abuudances in the Endocladia!Mastocarpus 
assemblage control plots at Pescadero Rocks for fall sampling periods from 1985 to 1992.1 
(continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
r 
Macroinvertebrates - Density (No./0.1875 m2) 
Lottia digitalis 6.8 7.3 2.0 6.8 3.3 3.7 5.0 
Lottia paradigitalis 0.3 6.2 6.5 2.2 
Lottia pelta 0.7 1.3 5.2 1.3 1.4 
Nuttallina califomica 2.7 0.7 0.7 0.7 
Po1yplacophora, unident. 4.2 0.7 
Lepidochitona dentiens 2.1 0.7 0.3 0.5 
Lottia limatu/a 0.7 0.3 0.3 0.7 0.3 
Tegula funebralis 0.3 0.7 0.2 
Acanlhina sp(p). 0.3 0.1 
Nucel/a e/TUJrginata 0.3 0.1 
Tegula brunnea 0.3 0.1 
Total Number ofMacrophyte Taxa 12 14 16 15 11 12 
Total Number of Macroinvertebrate Taxa 9 11 9 7 13 9 
Total Number of All Taxa 21 25 25 22 24 21 
Substrata - Cover (Percent) 
Rock 42.2 22.2 23.9 38.9 19.4 24.4 28.5 
Bare rock 0.6 0.6 2.8 7.8 16.7 10.6 6.5 
Shell debris 13.3 0.6 0.6 1.1 2.6 
1 1985-1989 dara are from Kinnetic Laboratories. Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category 
are ranked according to overall means, then listed alphabetically if the overall means are equa1. Total percent cover can exceed 100 percent 
because multiple layers were sampled. A dash(-) indicates the caxon/substratum was not recorded during that sampling period. 
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Table A-22. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocarpus assemblage control plots at 
Pescadero Rocks during spring 1991.1 
Standard 
Taxon/Substratum Mean Deviation 
Macrophytes - Cover (Percent) 
Endocladia muricata 65.0 23.3 
Mastocarpus papillatus 23.9 18.4 
Crustose corallines, unident. 7.8 8.4 
Pelvetia-Pelvetiopsis sp(p). 6.7 7.3 
Mastocarpus jardinii 3.9 5.4 
Red crusts 1.1 1.9 
Cladophora columbiana 1.1 1.0 
Petrocelis sp(p). 1.1 1.0 
Analipus japonicus 0.6 1.0 
Iridaea splendens 0.6 1.0 
Total Macrophyte Cover 111.8 
Macroinvertebrates - Cover (Percent) 
Balanus glandula 3.9 2.6 
Chthamalus sp(p). 0.6 1.0 
Littorina scutulatalplena 0.6 1.0 
Tetraclita ruhescens 0.6 1.0 
Total Macroinvertebrate Cover 5.7 
Macroinvertebrates -Density (No./0.1875 m2) 
Lottia sp(p ). 85.4 26.0 
Littorina scutulatalplena 65.8 114.0 
Lottia digitalis 33.3 27.5 
"Collisella • scabra 16.2 27.1 
Lottia paradigitalis 2.7 4.6 
Tegula funebralis 0.3 0.6 
Lepidochitona hanwegii 0.3 0.6 
Total Number of Macrophyte Taxa 10 
Total Number of Macroinvertebrate Taxa 10 
Total Number of All Taxa 20 
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Table A-22. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocarpus assemblage control plots at 
Pescadero Rocks during spring 1991.1 (continued) 
Taxon/Substratum 
Substrata - Cover (Percent) 
Rock 
Bare rock 
Mean 
33.3 
15.6 
Standard 
Deviation 
6.0 
17.0 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabeticaJly if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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0 Table A-23. Macrophyte, macroinvertebrate, and substratum abuudances in the Mytilus assemblage control plots at Point Sierra Nevada for fall sampling periods from 1985 to 1992.1 
0 Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Bossie/la plumosa 6.1 0.6 2.8 1.1 3.3 11.7 4.3 
0 Polysiphonia hendryi 6.1 7.2 6.7 1.7 3.6 Crustose corallines, unident. 3.3 3.3 1.7 0.6 3.3 6.1 3.1 Coral/ina vancouveriensis 0.6 1.1 0.6 10.0 2.1 
0 Polysiphonia sp(p). 5.0 3.9 1.5 Postelsia pallnaeformis 2.8 2.8 0.9 Rlwdoglossum affine 0.6 1.1 0.6 1.7 0.7 
Ulva sp(p). 1.1 2.8 0.7 [] Cylindrocarpus rugosus 0.6 1.1 0.6 1.1 0.6 Petrocelis sp(p). 1.7 0.6 0.6 0.5 
Cladophora columbiana 1.7 0.3 
0 Endoclodia muricata 1.1 0.6 0.3 Plocamium violaceum 1.7 0.3 Red crusts 1.7 0.3 
:] GATGOR 0.6 0.6 0.2 Ralftia sp(p). 0.6 0.6 0.2 Analipus japonicus 0.6 0.1 
Corollina officina/is 0.6 0.1 
0 Iridaea splendens 0.6 0.1 Microclodia borealis 0.6 0.1 
Porphyra peiforata 0.6 0.1 
fl ,_j Total Macrophyte Cover 24.7 17.9 13.4 ll.8 16.3 34.7 
~---..,1 
Macroinvertebrates - Cover (Percent) 
u Mytilus californianus 81.7 85.0 82.2 93.3 80.6 62.2 80.8 
Pollicipes polymerus 8.9 9.4 12.2 6.7 7.8 6.1 8.5 
ll Balanus glandula 11.1 7.2 2.8 6.1 3.3 3.3 5.6 
u Lottiadigita/is 1.1 0.6 1.1 1.7 1.7 1.0 
"Collisella • scabra 0.6 0.6 2.8 0.7 
0 Chthomalus sp(p). 1.1 0.6 0.6 1.1 0.6 Lottia pella 0.6 0.6 0.6 0.6 0.4 Nuttallina californica 0.6 1.1 0.6 0.4 
Tetraclita rubescens 1.1 0.6 0.6 0.4 
0 Lottia paradigitalis 0.6 1.1 0.3 Anthopleura elegantissima 0.6 0.6 0.2 
Littorina scutulatalplena 0.6 0.1 
[J Lottia gigantea 0.6 0.1 Phragmatapoma ca/ifornica 0.6 0.1 
Strongylocentrotus purpuratus 0.6 0.1 
,, 
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Table A-23. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage control 
plots at Point Sierra Nevada for fall sampling periods from 1985 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
r 
Macroinvertebrates - Cover (Percent) 
Total Macroinvertebrate Cover 105.7 102.2 99.5 111.3 99.1 78.0 
Macroinvertebrates - Density (No./0.1875 m1) 
Lottia digitalis 108.6 73.4 50.7 91.0 56.0 22.8 67.1 
Lottia pelta 14.3 3.3 42.4 41.2 3.0 24.8 21.5 
• Collis ella • scabra 1.7 30.4 26.4 37.6 20.6 19.4 
Lottia sp(p). 10.4 8.3 16.7 25.0 14.6 12.5 14.6 
Lottia paradigitalis 2.1 35.1 21.9 9.8 
Littori1Ul scutulatalple1Ul 5.1 4.3 2.1 0.7 2.7 4.8 3.3 
Nuttalli1Ul ca/ifornica 4.7 1.7 0.3 1.3 1.7 3.0 2.1 
Nucel/a emargi1Ulta 3.7 3.7 1.0 0.3 0.7 1.6 
Lottia limatula 4.5 0.3 1.7 1.7 0.3 1.4 
Tectura scutum 4.5 0.7 0.9 
Ocenebra circumtexta 2.1 0.3 0.4 
Strongylacentrotus purpuratus 0.3 0.3 1.3 0.3 
Tegu/a funebralis 1.0 0.3 0.3 0.3 
Lepidochito1Ul dentiens 0.3 0.7 0.2 
Littori1Ul keenae 1.3 0.2 
Leptasterias sp(p). 0.7 0.1 c 
Lottia asmi 0.3 0.1 
Total Number of Macrophyte Taxa 13 8 6 6 8 10 8.5 
Total Number of Macroinvertebrate Taxa 14 11 14 16 16 21 15.3 
Total Number of All Taxa 27 19 20 22 24 31 23.8 L 
Substrata - Cover (Percent) 
L 
Bare rock 1.1 1.7 3.9 1.7 4.4 6.1 3.2 
Shell debris 3.3 0.6 1.7 0.9 
Rock 0.6 2.2 2.2 0.8 
1 1985·1989 dall! are from Kinnetic Laboratories. loc. (1992). Dall! are means of three plots (n=3). Taxa and substrall! within each 
category ue ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash B indicates the taxon/substratum was not recorded during that sampling period. 
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Table A-24. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Point Sierra Nevada 
during spring 1991.' 
Standard 
Taxon/Snbstratum Mean Deviation 
Macrophytes - Cover (Percent) 
Bossie/la plumosa 7.8 7.5 
Crustose corallines, unident. 6.7 4.4 
Ralfsia sp(p). 1.7 1.7 
Ca/lithamnion pikeanum 1.1 1.9 
Mastocarpus papillatus 1.1 1.9 
Petrocelis sp(p). 0.6 1.0 
Red crusts 0.6 1.0 
Total Macrophyte Cover 19.6 
Macroinvertebrates - Cover (Percent) 
Mytilus califomianus 81.1 2.6 
Balanus glandula 6.1 5.1 
Pol/icipes polymerus 3.3 2.9 
Lottia digitalis 1.7 2.9 
Antlwpleura elegantissima 0.6 1.0 
"Collisella • scabra 0.6 1.0 
Total Macroinvertebrate Cover 93.4 
Macroinvertebrates - Density (No./0.1875 m2) 
Lottia digitalis 51.2 60.2 
"Collisella" scabra 23.3 13.2 
Lottia sp(p). 14.6 14.4 
Lottia paradigitalis 5.0 6.2 
I.ittorina scutulatalplena 4.5 7.0 
Lottia pelta 3.3 4.0 
Nutta/lina califomica 3.3 3.1 
Lottia gigantea 0.3 0.6 
Strongylocentrotus purpuratus 0.3 0.6 
Tegula funebralis 0.3 0.6 
Total Number of Macrophyte Taxa 7 
Total Number of Macroinvertebrate Taxa 14 
Total Number of All Taxa 21 
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Table A-24. Macrophyte, macroinvertebrate, and substratum abundances in 
the Mytilus assemblage control plots at Point Sierra Nevada 
during spring 1991.1 (continued) 
Standard 
Taxon/Substratum Mean Deviation 
Substrata - Cover (Percent) 
Bare rock 3.3 2.9 
Rock 0.6 1.0 
Shell debris 0.6 1.0 
1 Data are from Kinnetic Laboratories. Inc. (lm). Data are mearui of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabetically if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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0 Table A-25. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage spring-cleared plots at Point Sierra Nevada for fall sampling periods from 1985 to 1992.' 
0 
OveraU 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Perceot) Bossie/la p/umosa 6.7 20.0 27.2 20.0 30.0 17.3 
Cladophora columbiana 8.9 8.3 10.6 6.1 18.9 8.8 
0 Cylindrocarpus rugosus 2.2 12.8 2.2 1.1 11.1 2.8 5.4 Ulva sp(p). 0.6 7.8 5.0 0.6 0.6 6.1 3.5 Ra/fsia sp(p). 2.2 12.8 0.6 1.1 1.7 3.1 
Ana/ipus japonicus 0.6 8.3 2.2 2.8 2.3 
0 Polysiphonia sp(p). 2.2 11.7 2.3 Crustose corallines, unident. 3.9 0.6 3.3 3.9 0.6 2.1 
Endocladia muricata 1.7 2.8 0.6 0.6 2.8 1.4 
I] Mastocarpus papil/atus 2.8 0.6 1.1 2.8 1.3 Microcladia borealis 0.6 5.6 1.1 1.2 l, Rhodog/ossum affine 1.7 1.7 2.2 1.7 1.2 
Iridaea sp/endens 1.7 1.7 1.1 2.2 1.1 
D Egregia menziesii 5.0 0.8 Petroce/is sp(p). 3.3 1.1 0.7 Polysiphonia hendryi 0.6 0.6 0.6 0.3 
Polysiphonia nathonielli 1.7 0.3 
0 Brown crusts 1.1 0.2 Corallina vancouveriensis 1.1 0.2 
Pelvetia-Pelvetiopsis sp(p). 1.1 0.2 
Red crusts 1.1 0.2 
0 Total Macrophyte Cover 6.7 48.5 79.0 57.0 51.1 80.2 
0 Macroinvertebrates - Cover (Percent) Balanus glandula 8.3 6.1 2.2 8.9 5.0 2.2 5.4 
Mytilus ca/ifornianus 0.6 0.6 2.2 7.8 12.2 3.9 
ll Lottia digitalis 2.8 2.2 1.1 4.4 3.9 0.6 2.5 
u Nutta//ina califomica 0.6 1.1 0.6 2.2 2.8 1.2 Chthomalus sp(p). 3.3 2.2 0.6 0.6 1.1 
"Co//isel/a • scabra 0.6 0.6 1.7 0.6 1.1 0.8 
u Pollicipes polymerus 0.6 0.6 1.7 1.7 0.8 Littorina scutulatalplena 2.2 0.6 0.6 0.6 
Lottia pelta 2.2 0.6 1.1 0.6 
0 Lottia paradigitalis 1.1 1.7 0.5 Lottia lii1Ultula 1.1 0.2 Tetraclita rubescens 1.1 0.2 
PhragmatopoTnll ca/ifomica 0.6 0.1 
0 Total Macroinvertebrate Cover 22.3 10.1 7.9 21.1 23.5 22.3 
Macroinvertebrates - Density (No./0.1875 m') 
0 Lottia digitalis 36.1 123.7 107.3 142.3 96.9 17.9 87.4 
Lottia sp(p). 2.1 191.7 56.3 75.0 33.3 125.0 80.6 
0 
"Collisella" scabra 20.6 97.3 33.7 50.6 22.9 23.3 41.4 
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Table A-25. Macropbyte, macroinvertebrate, and substratum abuudances in the Mytilus assemblage spring-cleared plots 
at Point Sierra Nevada for fall sampling periods from 1985 to 1m.• (continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1m Mean 
r 
Macroinvertebrates -Density (No./0.1875 m') 
L 
Littorina scutu/ata!p/ena 62.4 27.3 10.2 9.7 34.6 19.0 27.2 
Lottia pella 34.1 2.7 7.0 4.7 4.0 16.0 11.4 
Lottia paradigita/is 6.7 0.3 1.3 13.8 22.1 10.8 9.2 L 
Nuttal/ina ca/ifornica 1.7 5.3 5.3 11.0 9.3 9.0 6.9 
Lottia limatu/a 11.4 1.9 r 
Linorina keenae 4.0 0.7 
Tectura scutum 4.2 0.7 
Nucel/a emarginata 0.7 0.3 0.3 0.3 0.3 
Katharina tunicata 1.0 0.2 r 
Lepidochiton hartwegii 0.3 0.1 
Mopalia muscosa 0.3 0.1 
Strongylocentrotus purpuratus 0.3 0.1 
Tegu/a june bra/is 0.3 0.3 0.1 r 
Total Number of Macropbyte Taxa 3 12 13 
L 
14 12 15 
Total Number of Macroinvertebrate Taxa 16 12 9 
r 
13 12 14 
L 
Total Number of All Taxa 19 24 22 27 24 29 
Substrata - Cover (Percent) 
Bare rock 73.3 46.7 26.7 37.2 37.8 18.3 40.0 
Rock 2.2 10.6 12.8 23.3 2.8 2.8 9.1 r 
Shell debris 0.6 1.1 1.1 0.5 
" 
• 1985·1989 data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each 
category are ranked according to overall means, then Jistcd alphabetically if the overall means are equal. Total percent cover can exceed 100 
percent because multiple layers were sampled. A dash(-) indicates the taxon/substrarum was not recorded during that sampling period. L 
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0 Table A-26. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage cleared plots at Point Sierra Nevada during spring 1991.1 
0 Spring-Cleared Fall-Cleared Taxon/Substratum Mean S.D.' Mean S.D. 
0 Macrophytes - Cover (Percent) 
Ralfsia sp(p). 12.8 4.2 11.1 8.4 
[J Bossie/la plunwsa 10.6 6.7 16.7 17.6 Analipus japonicus 7.8 13.5 3.9 5.4 
Cladophora columbiana 7.8 12.1 
0 Crustose corallines, unident. 3.3 4.4 1.7 1.7 Endoc/adia muricata 1.7 1.7 2.2 3.9 Iridaea splendens 1.7 2.9 
Leathesia dijfonnis 1.1 1.9 2.2 3.9 
l] Mastocarpus papillatus 1.1 1.9 1.1 1.9 Cylindrocarpus rugosus 0.6 1.0 1.1 1.9 
Petrocelis sp(p). 0.6 1.0 1.1 1.9 
0 Ulva sp(p). 0.6 1.0 
Total Macrophyte Cover 49.7 41.1 
0 Macroinvertebrates - Cover (Percent) 
Balanus glandula 5.6 5.4 1.1 1.0 
0 Mytilus califomianus 4.4 3.5 6.7 10.1 • Collis ella • scabra 1.1 1.9 1.1 1.9 
Lottia digitalis 1.1 1.0 1.7 0.0 
0 Nucella emarginata 1.1 1.9 Tetraclita rubescens 1.1 1.9 2.8 2.6 Nuttallina calijomica 0.6 1.0 1.7 2.9 
0 Pollicipes polymerus 0.6 1.0 Littorina scutulatalplena 0.6 1.0 Lottia paradigltalis 0.6 1.0 
Lottia pelta 0.6 1.0 
ll Total Macroinvertebrate Cover 15.6 16.9 
0 Macroinvertebrates -Density (No./0.1875 m
1) 
Lottia sp(p). 87.5 10.8 64.6 25.3 
Lottia digitalis 76.1 48.2 43.0 25.5 
0 "Collisella" scobra 59.5 22.4 42.8 53.0 Littorina scutulatalplena 35.4 61.3 59.3 77.3 
Lottia paradigitalis 6.0 5.3 3.3 3.1 [J Nuttallina califomica 4.7 6.4 6.0 5.6 Lottia pelta 3.7 4.7 2.0 2.0 
0 
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Table A-26. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage 
cleared plots at Point Sierra Nevada during spring 1991.1 (continued) 
Taxon/Substratum 
Total Number of Macrophyte Taxa 
Total Number of Macroinvertebrate Taxa 
Total Number of AU Taxa 
Substrata - Cover (Percent) 
Bare rock 
Rock 
Spring-Cleared 
Mean S.D.' 
12 
12 
24 
38.9 
5.6 
3.9 
4.2 
Fall-Cleared 
Mean S.D. 
9 
10 
19 
48.9 
7.8 
16.2 
4.2 
1 Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category are 
ranked according to the means in the spring-cleared plots, then listed alphabetically if the means are equal. Total percent cover can 
exceed 100 percent because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded in the plots 
indicated. 
2 S.D. = Standard Deviation 
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[] Table A-27. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-cleared plots at Point Sierra Nevada for fall sampling periods from 1986 to 1992.1 
0 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) Bossie/la piunwsa 0.6 58.3 40.0 17.2 15.6 26.3 
Ulva sp(p). 30.0 21.1 5.6 0.6 11.5 
[J Crustose corallines, unident. 35.6 2.2 5.0 7.8 4.4 11.0 Egregia menziesii 21.1 18.9 0.6 8.1 
Cylindrocarpus rugosus 1.7 4.4 16.7 14.4 7.4 
Iridaea splendens 16.1 8.9 0.6 5.1 
0 Rhodoglosssum affine 11.7 8.3 3.9 0.6 4.9 Cladophora columbiana 0.6 3.9 3.9 9.4 3.6 
Analipus japonicus 0.6 5.6 6.1 1.1 2.7 
[J Microcladia borealis 1.7 5.0 1.3 Coral/ina vancouveriensis 3.9 0.6 1.1 1.1 Ril/fsia sp(p). 2.2 2.8 0.6 1.1 
Polysiphonia sp(p). 4.4 0.9 
[] Endocladia muricata 3.9 0.8 Petrocelis sp(p). 1.1 1.1 0.6 0.6 0.7 
Mastocarpus papillatus 1.7 0.6 0.6 0.6 
Polysiphonia hendryi 2.2 0.4 
0 Ceramium eatonium 1.1 0.2 Red filaments 1.1 0.2 
Pelvetia-Pelvetiopsis sp(p). 0.6 0.1 
0 Plocamium violaceum 0.6 0.1 Red crusts 0.6 0.1 
Total Macrophyte Cover 89.6 149.0 94.6 56.3 52.3 
0 Macroinvertebrates - Cover (Percent) 
Mytilus californianus 0.6 2.8 4.4 17.8 5.1 
[] Lottia digitalis 0.6 3.3 3.9 2.2 1.1 2.2 Nuttal/ina californica 2.8 4.4 1.1 1.7 
"Collisella" scabra 2.2 1.1 0.7 
Littorina scutulata!plena 0.6 1.1 1.1 0.6 
0 Lottia paradigitalis 0.6 1.1 1.1 0.6 Lottia pelta 0.6 1.1 0.6 0.6 0.6 
Pollicipes polymerus 0.6 1.7 0.6 0.6 
0 Balanus glandula 1.1 0.6 0.6 0.5 Tetraclita rubescens 0.6 0.6 1.1 0.5 Lepidochitona dentiens 0.6 0.1 
Leptasterias sp(p). 0.6 0.1 
~ Phrag111illopoma californica 0.6 0.1 I ' LJ Strongylocentrotus purpuratus 0.6 0.1 
Total Macroinvertebrate Cover 0.6 5.1 17.5 16.7 26.8 [] 
" u
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Table A-27. Macrophyte, macroinvertebrate, and substratum abundances in the Mytilus assemblage fall-
cleared plots at Point Sierra Nevada for fall sampling periods from 1986 to 1992.1 (continued) 
Overall 
Taxon/Substratum 1986 1987 1988 1989 1992 Mean 
L 
Macroinvertebrates • Density (No./0.1875 m1) r 
Lottia sp(p). 320.8 29.2 39.6 56.3 108.3 110.8 L 
"Collisello." scabra 5.2 18.8 72.9 55.6 25.6 35.6 
Lottia digitalis 12.3 24.6 36.1 54.9 21.3 29.8 
Littorina scutulo.ta/plena 41.2 3.7 15.8 31.0 24.7 23.3 
Lottia pella 12.7 5.0 18.7 9.3 39.6 17.1 
Lottia paradigitalis 4.0 9.0 47.8 14.3 15.0 
Nuttallina californica 6.0 8.0 16.8 19.0 9.3 11.8 
Lottia limatu/a 3.0 0.3 0.7 
Nucello. emarginata 1.7 0.3 0.3 0.5 
Lepidochitona dentiens 0.7 0.7 0.3 0.3 r 
Leptasterias sp(p). 0.3 0.3 0.7 0.3 
Strongylocentrotus purpuratus 0.3 0.3 0.3 0.2 ,_ 
Lottia gigantea 0.3 0.1 
Mopalia muscosa 0.3 0.1 
Ocenebra circumtexta 0.3 0.1 
Strongylocentrotus franciscanus 0.3 0.1 L 
Tegulo. junebralis 0.3 0.1 
r 
Total Number of Macrophyte Taxa 7 15 17 9 11 
Total Number of Macroinvertebrate Taxa 13 12 16 12 14 
Total Number of All Taxa 20 27 33 21 25 L 
Substrata • Cover (Percent) 
Bare rock 33.9 11.1 23.9 34.4 30.6 24.6 
Rock 21.7 6.1 14.4 2.2 1.1 9.1 
Shell debris 0.6 0.1 
L 
1 1986-1989 data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within 
r 
each category are ranked according to ovenll means, then listed alphabetically if the overall means are equal. Total percent cover 
can exceed 100 percent because multiple layers were sampled. A dash H indicates the taxon/substratum was not recorded during 
tbat sampling period. L 
L 
L 
148 
:J 
J Table A-28. Macropbyte, macroinvertebrate, and substratum abundances in the Endocladia/Mastocarpus assemblage control plots at Point Sierra Nevada for fall sampling periods from 1985 to 1992.' 
0 Overall Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
0 Macrophytes - Cover (Percent) 
Endocladia muricata 45.0 22.8 39.4 41.7 48.3 32.2 38.2 
0 Mastocarpus papillatus 15.0 2.2 18.3 2.8 12.2 2.8 8.9 Red crusts 2.8 3.9 3.9 1.8 
GATGOR 0.6 4.4 0.8 
0 Petrocelis sp(p). 1.7 0.3 Hesperophycus harveyanus 1.1 0.2 Pelvetia-Pelvetiopsis sp(p). 0.6 0.1 
n Total Macrophyte Cover 66.2 33.9 57.7 48.4 60.5 35.0 lj L 
Macroinvertebrates - Cover (Percent) 
0 Littorina scutulatalplena 10.0 6.1 7.8 12.8 5.0 6.1 8.0 
Chthamalus sp(p ). 0.6 0.6 0.6 7.8 1.6 
0 Balanus glandula 2.2 0.6 1.1 0.7 Littorina keenae 1.1 0.2 Mytilus califomianus 0.6 0.1 
Pagurus sp(p). 0.6 0.1 
fJ Total Macroinvenebrate Cover 12.8 7.3 8.9 13.4 5.6 15.6 
0 Macroinvertebrates - Density (No./0.1875 m1) 
Littorina scutulatalplena 1156.4 1037.1 803.6 3Hl.6 683.4 765.9 604.5 
0 Littorina keenae 
37.7 2.0 6.6 
Lottia digitalis 3.3 0.7 2.7 4.7 1.9 
Tegulajimebralis 1.0 1.0 4.3 2.0 1.3 1.6 
• Collis ella • scabra 2.4 1.0 0.7 0.7 
n Lottia pelta 1.0 0.2 lJ Lepidochitona dentiens 0.3 0.1 
Lottia paradigitalis 0.3 0.1 
0 Mopalia muscosa 0.3 0.1 Tectura scutum 0.3 0.1 
0 Total Number of Macrophyte Taxa 
6 5 2 3 2 2 3.3 
Total Number of Macroinvertebrate Taxa 6 5 9 2 6 6 5.7 
0 Total Number of All Taxa 12 10 11 5 8 8 9.0 
0 
149 
0 
0 
Table A-28. Macropbyte, macroinvertebrate, and substratum abundances in the Endocladia/Mastocarpus 
assemblage control plots at Point Sierra Nevada for fall sampling periods from 1985 to 1992.1 
(continued) 
Overall 
Taxon/Substratum 1985 1986 1987 1988 1989 1992 Mean 
Substrata - Cover (Percent) 
Bare rock 36.1 60.6 44.4 46.7 42.2 51.7 47.0 
Rock 32.2 18.3 48.3 25.0 33.3 18.3 29.2 
1 1985-1989 data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and substrata within each category 
are ranked according to overall means, then listed alphabetically if the overall means are equal. Total percent cover can exceed 100 percent 
because multiple layers were sampled. A dash(-) indicates the taxon/substratum was not recorded during that sampling period. 
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Table A-29. Macrophyte, macroinvertebrate, and substratum abundances in 
the Endocladia/Mastocarpus assemblage control plots at Point 
Sierra Nevada during spring 1991.' 
Taxon/Substratum 
Macrophytes - Cover (Percent) 
Endocladia muricata 
Red crusts 
Mastocarpus papillatus 
GATGOR 
Hesperophycus harveyanus . 
Total Macrophyte Cover 
Macroinvertebrates - Cover (Percent) 
littoriiUJ scutu/atalpleiUl 
Chthamalus sp(p). 
Lottia paradigitalis 
Total Macroinvertebrate Cover 
Macroinvertebrates - Density (No./0.1875 m2) 
LittoriiUJ scutu/atalpleiUl 
Lottia sp(p ). 
Tegula junebralis 
Lottia paradigitalis 
LittoriiUJ keenae 
"Col/isella" scabra 
Lottia digitalis 
Total Number of Macrophyte Taxa 
Total Number of Macroinvertebrate Taxa 
Total Number of All Taxa 
Substrata - Cover (Percent) 
Bare rock 
Rock 
Mean 
33.3 
6.7 
2.8 
0.6 
0.6 
44.0 
5.6 
4.4 
0.6 
10.6 
318.8 
4.2 
2.3 
!.7 
!.3 
1.0 
1.0 
5 
8 
13 
48.9 
27.8 
Standard 
Deviation 
14.2 
11.6 
4.8 
1.0 
!.0 
6.9 
7.7 
1.0 
113.1 
7.2 
4.0 
2.1 
2.3 
1.7 
1.0 
6.7 
1.9 
' Data are from Kinnetic Laboratories, Inc. (1992). Data are means of three plots (n=3). Taxa and 
substrata within each category are ranked according to the means, then listed alphabetically if the 
means are equal. Total percent cover can exceed 100 percent because multiple layers were sampled. 
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The Department of the Interior Mission 
As the Nation's principal conservation agency, the Department of the Interior has responsibility for 
most of our nationally owned public lands and natural resources. This includes fostering sound use 
of our land and water resources; protecting our fish, wildlife, and biological diversity; preserving the 
environmental and cultural values of our national parks and historical places; and providing for the 
enjoyment of life through outdoor recreation. The Department assesses our energy and mineral 
resources and works to ensure that their development is in the best interests of all our people by L 
encouraging stewardship and citizen participation in their care. The Department also has a major 
responsibility for American Indian reservation communities and for people who live in island 
territories under·U.S. administration. 
The Minerals Management Service Mission 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary 
responsibilities are to manage the mineral resources located on the Nation's Outer Continental Shelf 
(OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and distribute 
those revenues. 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally sound 
exploration and production of our Nation's offshore natural gas, oil and other mineral resources. The 
MMS Royalty Management Program meets its responsibilities by ensuring the efficient, timely and 
accurate collection and disbursement of revenue from mineral leasing and production due to Indian 
tribes and allottees, States and the U.S. Treasury. 
The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially affected 
parties and (2) carrying out its programs with an emphasis on working to enhance the quality of life for 
all Americans by lending MMS assistance and expertise to economic development and environmental 
protection. 
